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10 FIELD This application relates to an aqueous extract from blue-green
algae, such as an aqueous extract of algge that includes a selectin ligand.
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BACKGROUND

15 Stem cells are pluripotent cells derived from somatic tissue capable of
differentiating into more specialized cells. For example, hematopoietic stem cells can
differentiate into many different types of blood cells, including red blood cells,
platelets, and leukocytes.

Hematopoietic stem cells play a role in the continuous lifelong physiological

20  replenishment of blood cells. Stem cells develop into both hematopoietic lineage cells
and non-hematopoietic, tissue specific cells. Recently, stem cells have been found to
differentiate into a variety of tissue-specific cell types, such as myocytes, hepatocytes,
osteocytes, glial cells, and neurons. For example, stem cells have been shown to cross
the blood-brain barrier (Willams and Hickey, Curr. Top. Microbiol. Immunol. 202:221-

25 245, 1995) and differentiate into neurons (Mezey, Science 290:1779-82, 2000). Thus, it
is possible that stem cells could be used to treat Parkinson’s disease (Polli,
Haematologica 85:1009-10, 2000), Alzheimer’s disease (Mattson, Exp. Gerontol.
35:489-502, 2000), and traumatic brain injury (Magavi, Nature 405: 892-3, 895, 2000).

Stem cells also have been shown to differentiate into fibroblasts or fibroblast-like cells,



and to express collagen (Periera et at., Proc. Natl. Acad. Sci. 95:1142-7,
1998). Thus, it is possible that stem cells can be used to treat osteogenesis
in%%%\‘”é’&%%éﬂgl bone fractures. Peterson et al. (Science 284:1188" ?61%6)9
also has shown that liver cells can arise from stem cells. Thus, stem cells
may be of use in treating a variety of 5 pathologies of the liver, including, but
not limited to cirrhosis. In addition, bone marrow derived stem cells have
been demonstrated to migrate to the site of a myocardial infarction and form
myocardium (Orlic, Nature 410:701-5, 2009). Thus, stem cells maybe use in
treating myocardial infarction. Since stem cells are capable of differentiating
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105(3):369-77, 2001). Mobilized stem cells follow concentration gradients of cytokines

released by damaged tissues and migrate on their own into tissues following such
gradients. Indeed, the mobilization of bone marrow stem cells induced by cytokines
injection has been shown to accelerate the healing the cardiac tissue after acute

25  myocardial infarction. Therefore, simply triggering the mobilization of bone marrow
stem cells with an effective and safe consumable can enhance this natural physiological
process and provide a potential therapy for various pathologies. Thus, there is a need

for compositions that increase stem cell mobilization and trafficking.



SUMMARY An exemplary procedure is disclosed for obtaining an aqueous
extract of blue- green algae containing a selectin ligand. In this procedure, a
s&é’cfﬂ?if&oéﬁ@ is isolated from blue-green algae using a solid’ g%ﬁésﬁ%ﬂ 024769
covalently bound to a selectin, such as L 5 selectin, P-selectin, and/or
E-selectin. The selectin ligand can specifically bind L- selectin, P-selecting
and/or E-selectin. Purified selectin ligands that are isolated from blue-green
algae are described. These ligands are isolated from blue-green algae that
are a protein or a glycoprotein of a molegylar weight of about 55 kDa under
reducing conditions. In several examples, the 10 selectin ligand has a
molecular weight of about 54 kDa or, @W Sly(Da under reducing
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Compositions including the extract alone, or including other extracts of Aphanizomenon
flos aquae (AFA) can be administered to a subject in need of stem cell mobilization
and/or increased number of circulating stem cells. In one example, the extract
containng the L-selectin ligand is administered with an extract of Aphanizomenon flos
20  aquae (AFA) containing polysaccharides. Compositions, which include or consist of
the L-selectin ligand of Aphanizomenon flos aquae (AFA) are of use for stem cell

mobilization and increasing the number of circulating stem cells.

A method is disclosed herein for triggering stem cell mobilization by
administering a therapeutically effective amount of a specific extract of blue-green
25  algae to a subject. Extracts of use in inducing stem cell mobilization include extracts of
blue-green algae containing a selectin ligand, such as an L-selectin, P-selectin and/or an
E-selectin ligand. In one example, the blue-green algae is Aphanizomenon flos aquae

(AFA). The extracts can be administered alone or in conjunction with other extracts of



Aphanizomenon flos aquae (AFA). In one example, a polysaccharide
containilr}ﬁ extract is also administered. The administration of a

th‘@/%ﬁoé’ (i 8%37)9 effective amount of an extract of the blue-gregﬁgféség?ﬁé(ﬁé%@

as a selectin ligand containing extract, induces a transient 5 increase in the
population of some stem cells, such as CD34+ stem cells and/or CD133+
stem cells, in the subject's circulatory system. The foregoing and other
features and advantages will become more apparent from the following
detailed description of several embodimenijs, which proceeds with reference
to the accompanying figures. 10 BRIEF DESCRIPTION OF THE FIGURES
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15  monoclonal antibody CD34, with specificity for human stem cells was used to
demonstrate that AFA extract A contains a compound that mobilizes stem cells by

increasing their numbers in the blood circulation.

FIG. 2 is a bar graph showing flow cytometry that was performed on human
20  lymphocytes, monoclytes, and polymorph nucleated cells, where the monoclonal
antibody TQ1, specific for the ligand-binding area of human L-selectin, was used to
demonstrate that AFA extract A contains a compound that competes for binding on the
L-selectin ligand-binding site. The effect of competition between the TQ1 antibody and
the compound from AFA Extract A is concentration-dependent.
25
FIG. 3 is a schematic illustration of the method used to purify the selectin ligand
from AFA Extract A. Magnetic beads were coated with Protein G, which binds the Fc
portion of immunoglobulin. These beads were used to capture a chimerical

recombinant protein consisting of the extracellular portion of human L-selectin, joined



together with the Fe portion of human immunoglobulin IgGIl. A chemical
reaction was_performed to form covalent bindings between the Fe portion of
thE LANHEYSS gﬁd the Protein G on the magnetic beads. Thesé S‘é@&%"“ﬁ@}ww
coated with the chimera, with the extracellular portion of human L-selectin
reaching out from the beads, were used to 5 capture the ligand for L-selectin
in AFA extracts. FIGS. 4A-4B are digital images that show gel
electrophoresis that illustrates the approximate molecular weight of the
compound that was affinity purified from A=A extract A, when the affinity
method described in FIG. 3 was employed. The figures are 10 digital images
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kDa are shown. Identical band patterns were seen for both L- and P-selectin, indicating

that the selectin ligand is a ligand for both L- and P-selectin.

FIG. 5 is a digital image of a gel, wherein gel electrophoresis was performed on
20  material eluted off the magnetic beads after these beads had been utilized to capture
potential selectin ligands in AFA Extract A versus Extract B. The selectin ligand from
AFA was found in Extract A. No selectin ligand from AFA can be detected in Extract
B. Lane 1 is a negative control, Lane 2 shows the ligand purified from Extract A
(arrow), and Lane 3 shows that a corresponding band was not seen in Extract B.
25
FIG. 6 is a line graph showing the results from flow cytometry analysis of the
expression of the chemokine receptor CXCR4, as it is induced by a known L-selectin
ligand, Fucoidan. The data indicates that the known L-selectin ligand Fucoidan,
competes with the compound from AFA for binding to L-selectin on human peripheral

30  blood lymphocytes.



FIG. 7 is a line graph showing the results from a flow cytometry analysis of
the efo)_ressmn of the chemokine receptor CXCR4, as it is induced b

koA /&R in ligand, Fucoidan. The data indicates that the RAGH Glozs769

L-selectin ligand Fucoidan, 5 competes with the compound from AFA for
binding to L-selectin on the human CD34+ cell line KG-1 a. FIG. 8 is a Table.
The results presented show that Extract A (AFA-W) blocks binding of TQ1
MoAD to L-selectin on human leukocytes. 10 FIG. 9 is a line graph showing
the time course of the number of CD34+ cglls in human peripheral blood
after consumption (arrow) of L-selectin ligand (LSL), migratose (MGT), stem
enhanced combination (SE) or a placebo (labeled Citrl). L- selectin ligand
(LSL) is an extract of Aphanizomnenon flos aquae (AFA) enriched for the 15
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of finely ground potato flakes encapsulated in vegetable capsules. 25
TAILED DESCRIPTION 1. Abbreviations AFA: Aphanizomenon floc
aquae Ctrl:Id¢ht9as 30ideHraph- seledintlicand dM@s ODMROBRTED of CD34+ cells in

PCT/ Héga]l]&%&iﬁ 61804 after consumption (arrow) of L-selectin ligand (LSL),
migratose (MGT), stem enhanced combination (SE) or a placebo (labeled Ctrl). L-
selectin ligand (LSL) is an extract of Aphanizomenon flos aquae (AFA) enriched for the

15  L-selectin ligand. For the subjects treated with LSL, one gram of the extract
concentrated in L-selectin ligand (see the examples section) was mixed in 40 ml of
water and consumed by the subject. Migratose (MGT) is an extract wherein liquid
Aphanizomenon flos aquae (AFA) was extreacted with 10% ethanol at 85 ° C for three
hours. The solution was centrifuged and the supernatant was dried using RW. For

20  administration, 150 mg of the dried product was blended with 250 mg of a carrier,
encapsulated in a vegetable capsule and consumed by the subjects. Stem enhance
combination (SE) was a blend of LSL and MGT, as described above. One gram of SE
was mixed in 40 ml of water and consumed by the subjects. The control was 400 mg of
finely ground potato flakes encapsulated in vegetable capsules.

25
DETAILED DESCRIPTION
I Abbreviations

AFA: Aphanizomenon flos aquae
Citrl: control
30 LSL: L-selectin ligand



mg: milligram ml: milliliter MGT: migratose SE: stern enhance combination,
includes LSL and MGT 5 g: gram kg: kilogram II. Terms Unless otherwise
n&&&“?é@ﬂ%ﬁ%‘a terms are used according to conventional 10 8%2.006/024769
Definitions of common terms in molecular biology maybe found in Benjamin
Lewin, Genes V, published by Oxford University Press, 1994 (ISBN
0-19-854287-9); Kendrew et at. (eds.), The Encyclopedia of Molecular
Biology, published by Blackwell Science Ltd., 1994 (ISBN 0-632-02182-9);
and Robert A. Meyers (ed.), Molecular Biglogy and Biotechnology: a
Comprehensive Desk Reference, published by VCH 15 Publishers, Inc., 1995
(ISBN 1-569§g‘|:-1§lgg-g§gmln order to facilitate review of the various
embodiments of this disclosure, the following explanations of specific terms
are providedPlp@titiligtration to a subject. Providing blue-green algae to a
subject inclndeT: astprimdstering whole blue-green algae cells and/or extracts
(fraction_s) pégzlté%gr%ggngocgl 1ea%%||§in|§138<ta§i gﬁj ipistration include, but
are not limited to, oral an parenl%era11 routes, such as intravenous (1V),
iftraperiton@aB@#M | rectal, topical, ophthalmic, nasal, and transdermal. Oral
administratigg:. igedyghas both whole blue-green algae and extracts of
blue-green algae. More than one extract can be administered. If administered
orally, the whole cells or extracts may be provided or administered in the
form &f a unfedwmse in 25 solid, semi-solid, or liquid dosage form such as

tablets, pillsyRRWARLSELR 0! WiBRR A RHAUL SUSRRESIGRS 15 ONRYRlonal

extracts of blue-green algae also may be administered intravenously in any
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acceptable 30 salts to adjust the osmotic pressure, lipid carriers (e.g.,

cyclodeiefiid)idorbt WO- AR 256790028 Rt &y emdedo: 2eeetly

Biology and Biotechnology: a Comprehensive Desk Reference, published by VCH
15  Publishers, Inc., 1995 (ISBN 1-56081-569-8).
In order to facilitate review of the various embodiments of this disclosure, the
following explanations of specific terms are provided:
Administration fo a subject. Providing blue-green algae to a subject includes
administering whole blue-green algae cells and/or extracts (fractions) of blue-green
20  algae cells. Routes of administration include, but are not limited to, oral and parenteral
routes, such as intravenous (IV), intraperitoneal (IP), rectal, topical, ophthalmic, nasal,
and transdermal. Oral administration includes both whole blue-green algae and extracts
of blue-green algae. More than one extract can be administered. If administered orally,
the whole cells or extracts may be provided or administered in the form of a unit dose in
25  solid, semi-solid, or liquid dosage form such as tablets, pills, powders, liquid solutions,
or liquid suspensions. However, extracts of blue-green algae also may be administered
intravenously in any conventional medium for intravenous injection, such as an aqueous
saline medium, or in a blood plasma medium. The medium also may contain
conventional pharmaceutical adjunct materials, such as pharmaceutically acceptable

30  salts to adjust the osmotic pressure, lipid carriers (e.g., cyclodextrins), proteins (e.g.,



-$ serum albumin), hydrophilic agents (e.g., methyl cellulose), detergents,
buffers, preservatives, and the like. A more complete explanation of
a&gﬁf’gﬁ@zﬁ%rmaceutical carriers can be found in Remingtgﬁ.T‘H’?éOg%%ﬁ(%
and Practice ofPharnsacy (19h Edition, 1995) in chapter 95. 5 Agent that
affects hematopoiesis. A compound, antibody, nucleic acid molecule,
protein, glycoprotein, or cell that alters the formation of blood cells, such as
white blood cells. A molecular agent can be a naturally occurring molecule or
a synthetic molecule. In some embodimegts, the agent affects the
mobilization, growth, proliferation, maturation, or differentiation or release of
hematopoietic cells. In one.10 embodiment, the.agent is a selectin ligand
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An agent that affects stem cell circulation may affect the ratio of stem cells in

the quiescent pool versus the active pool. In some embodiments, the agent affects the
balance between undifferentiated stem cells and stem cells differentiating into CD34-
20 negative (CD34-) and CD34-positive (CD34+) cell, and/or CD133-negative (CD133-)
and CD133-postive (CD133+) cells. In other embodiments, the agent affects the release
of stem cells from tissue locations, such as the release of CD34+ cells and/or CD133+
cells and/or cells detected by methods based on the enzymatic actions of aldehyde
dehydrogenase, from the bone marrow environment.
25 Animal. A living, multicellular, vertebrate organism including, for example,
mammals, fish, reptiles, and birds.
Blue-green algae. Common name for gram-negative photosynthetic bacteria
belonging to Division Cyanophyta that may exist in unicellular, colonial, or filamentous

forms. Representative blue-green algae include, but are not limited to, Spirulina species
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A%hanizoinenonflos aquae (AFA) is one specific, non- Iimitingﬂ%pe of

bl 8—6?%%25@%. The term "algae” is the plural form of "alga, KSR 2EEt
of a microalgae species. For example (and without limitation), "blue-green
algae" refers to multiple 5 cells of a single Aphanizomenon species, multiple
cells of a single Spirulina species, or a mixture of cells from multiple
Aphanizomenon and/or Spirulina species. Circulatory system. In animals, the
circulatory system is composed of the strugtures that move blood and blood
components throughout the body, including the vascular and lymph systems.
The ¢ e cireulatory system inglude the heart, bloo
vesse%ﬂ%%@%ﬁggnggﬁg%ﬁg cé%}ﬁ/‘é’?.)ée"é?,e ane @ﬂﬁﬁ“@é@ﬁé&%ﬁ%ﬁ?ﬁ?&’&%
cell. AUB{ERS bae Bf@ﬂ?n%rﬁ?ﬁr?@é‘?rculatory system. Component of blue-green

algae. Any frastiom ‘@xdsacis eleisRIAIGE R Jutfige vm@ﬁgﬂ%gfma%cmalgae
blue-green algae cell; In one el bofime%h‘ component ig a protein or a
glyco%jrotelh or nuclenc %Illgi .Wﬁ%’%ﬁﬁaé ’o%’ EREThE %S5 Riorraliinls
codmprstient issighyirefehéanieabH sparisthonkiplb odineht stigecrmponaptisesor
aqueaus-RIacial &BEBRBIAR NSRRI gL, Thus, the

blue-green algae is disrupted, an inorganic or organic solvent is added, and
extracts are (‘%ﬂ%ﬂ%‘&f AHEMidD R Rt Aoy sxsisra 18 spmpesad ofdhed
usingshighipe thatmane eltiofdia dbikaih asagraphiy, thvn dryie tie GoayaiagianR Yhe
affini I istillation. In one embodimen
S R L g A L
LOmisatrRlopd Hseselffartsrissnvaivmandrimrifieriaaion rmelpreselss by which
cells beconGirmnaempaeializiid 10stpardenrpriialonionl dogtiepg sRiffigrentiation
IS a propert ' ally or partially lgst by cells that have undergone
malignant tg%@%ﬁ%%ﬁ%yg%%yﬁgc?%geér‘%a%%cﬁéna%gﬁﬁt,°§h5&'1af§ grpurified
amouPRlefdederactilioatesn Hepeseiadn ohbimbotisemtathas oapatsie sfa protein
triggeiinglocpkencngustenerll Makdizationbodiah, eanbs dsisinined by
yselriogos mc?th ds use 0!3[111 trkllnecgio{g ic?}l‘lscie%c S. These methods, include, but
i in emSinEaT HBRENEL, it SaBRppeEn is an aqueous

are not Irmite %SO?B nerating an emp
extract of a blue-green algae including a selectin ligand. Thus, the blue-green algae is

disrupted, an inorganic or organic solvent is added, and extracts are collected. Specific,
non-limiting examples are extracts isolated using high performance liquid
chromatography, thin layer chromatography, affinity column, magnetic beads or

20  distillation. In one embodiment, fractionation is based on the molecular weight or the
hydrophobicity of the components of the blue-green algae.

Differentiation. The process by which cells become more specialized to
perform biological functions. Differentiation is a property that is often totally or
partially lost by cells that have undergone malignant transformation.

25 Effective amount. An amount, such as an amount of a selectin-containing
extract of blue-green alga, capable of triggering or enhancing stem cell mobilization,
which can be determined by various methods used in the biological sciences. These
methods include, but are not limited to, generating an empirical dose-response curve.
In one embodiment, a “therapeutically effective amount” is an amount effective for

30 enhancing mobilization of stem cells that replenish, repair, or rejuvenate tissue. In



In one embodiment, a "therapeutically effective amount" is an amount
effective for 30 enhancing mobilization of stem cells that replenlsh repair, or
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embodiment, a "therapeutically effective amount” is an amount effective for
enhancing trafficking of stem cells. In still another embodiment, the
"therapeutically effective amount” is an amount effective for enhancing
homing of stem cells from the circulatory system to various tissues or
organs. 5 A therapeutically effective amout- also may be an amount
sufficient for treating a condition or disease, such as an amount sufficient to
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species of algae utilized, the 25 general health of the subject being treate

and (REEHUEIBISTER oaf AASASHEAED g, G Su- T fo ot 5

percemiager fretaibolisingrede tp abshe2sihie cldagio gpbi@ateon-limiting example, the
effective amount of selectin-containing extract of blue-green algae is 1 gram. This
effective amount may be administered at a given frequency, such as about once a week,

20  about twice a week, about three times a week, once a day, about twice a day, about
three times a day, or more.

The therapeutically effective amount of an extract of blue-green algae, such as a
selectin-containing aqueous extract of blue-green algae and frequency of administration
may depend on a variety of factors, such as the genus or species of algae utilized, the

25  general health of the subject being treated, and the physiological characteristics (e.g.,
height, weight, body fat percentage, metabolism, etc.) of the subject being treated.

Specific assays for determining a therapeutically effective amount of an
aqueous extract, such as a selectin ligand-containing extract, of blue-green algae are
provided herein. In one specific, non-limiting example, different amounts of a selectin

30  ligand-containing extract of blue-green algae, such as AFA, are consumed by human



Specific assays for determining a therapeutically effective amount of an
agueous extract, such as a selectin ligand-containing extract, of blue-green
al é)ez%ﬂéooﬁ%‘{/ided herein. In one specific, non-limiting exameéT,/ng%é%“@
amounts of a selectin 30 ligand-containing extract of blue-green algae, such
as AFA, are consumed by human WO 2007/002570 PCT/US2006/024769
-11- subjects and the presence and/or quantity of stem cells (which can
include subtypes of such cells) present in the circulatory system is detected
and/or analyzed. In another embodiment, gn animal (e.g. murine) model is
utilized, and the population of newly integrated stem cells is monitored in
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a selectin ligand, if the activity or amount of a component of interest is
ﬁ?cregls?e %ﬁgg%lé)ﬁ]t?aillfﬁefﬂ ‘fﬁ? St eBhadrsaionsErsierastacor to the

samaelifferentiation of stem cells. In yet another embodiment, the parameter is the homing of
stem cells.
Erythrocytes. Red blood cells that carry oxygen to tissues of the body.
Extract. A concentrated preparation of a composition, such as a blue-green
20 algae, obtained by removing the active constituents of the composition with suitable
solvents, evaporating all or nearly all of the solvent, and adjusting the residual mass or
powder to the a pre-determined standard amount. An extract is “enriched” for a
product, such as a selectin ligand, if the activity or amount of a component of interest is
increased substantially in the extract as compared to other extracts or to the same
25  amount of the extracted original composition.
Glycoprotein. A complex molecule made of a protein moiety and a glycan or
polysaccharide moiety.
Hematopoiesis. The formation and development of blood cells. Hematopoiesis
involves the proliferation and terminal differentiation of hematopeoietic stem cells. In

30  adult mammals, hematopoiesis is known to occur in bone marrow. Hematopoiesis is



25 amount of the extracted original composition. Glycoprotein. A complex
molecule made of a protein moiety and a glycan or polysaccharide moiety.
ngﬂé%ag%gig. The formation and development of blood cel|§CT/US2006/024769
Hematopoiesis involves the proliferation and terminal differentiation of
hematopeoietic stem cells. In 30 adult mammals, hematopoiesis is known to
occur in bone marrow. Hematopoiesis is WO 2007/002570 PCT/US21106/0 2
47 6 9 -12- the production of hematopoietic cells including B cells, T cells,
cells of the monocyte macrophage lineaggz-and red blood cells. Homing. The
process of a cell migrating from the circulatory system into a tissue or organ.
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immune response against an allogeneic tissue is known as host-versus-graft rejection.

Immunologically compromised. An “immunologically compromised” subject
has a genotypic or a phenotypic immunodeficiency. A genotypically-immunodeficient
subject has a genetic defect that results in an inability to generate either humoral or cell-

20  mediated responses. A specific, non-limiting example of a genotypically
immunodeficient subject is a genotypically immunodeficient mouse, such as a SCID
mouse or a bg/nu/xid mouse (Andriole et al., J. Immunol. 135:2911, 1985; McCune et
al., Science 241:1632, 1988) or an XSCID human. A “phenotypically-immunodeficient
subject” is a subject, which is genetically capable of generating an immune response,

25  yet has been phenotypically altered such that no response is seen. In one specific, non-
limiting example, a phenotypically-immunodeficient recipient is irradiated. In another
specific, non-limiting example, a phenotypically-immunodeficient subject has been
treated with chemotherapy. In yet another specific, non-limiting example, the
phenotypically-immunodeficient subject has suffered a bacterial or viral infection, such

30  as the human immunodeficiency virus (HIV) or simian immunodeficiency virus (SIV).
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altered such that no response is seen. In one specific, non- limiting example,
a phenotypically-immunodeficient recipient is irradiated. In another specific,
non-limiting example, a phenotypically-immunodeficient subject has been
treated with chemotherapy. In yet another specific, non-limiting example, the
phenotypically-immunodeficient subject hag_suffered a bacterial or viral
infection, such 30 as the human immunodeficiency virus (HIV) or simian
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involved in host defense, including immunological responses. Specific types of
leukocytes include basophils, coelomocytes, eosinophils, haemocytes, lymphocytes,
neutrophils, and monocytes, circulating dendritic cells, and circulating hematopoietic

20  stem cells.

L-selectin. A member of the selectin family calcium-dependent lectins, also
known as CD62L. An adhesion molecule used by stem cells to adhere to the bone
marrow environment. L-selectin, the smallest of the vascular selectins, is a 74-100 kDa
molecule, that is constitutively expressed at the tips of microfolds on granulocytes,

25 monocytes, and a vast array of circulating lymphocytes L-selectin is also known as
LECAM-1, LAM-1, Mel-14 antigen, gp90 mel and Leu8/TQ-1 antigen. L-selectin is
known to be important for binding of leukocytes to endothelium in various
physiological situations, including binding of phagocytes to endothelium, binding of
leukocytes to inflamed endothelium, and lymphocyte homing and adhesion to high

30 endothelial cells of post capillary venules of peripheral lymph nodes. Moreover, this



L-selectin. A member of the selectin family calcium-dependent lectins, also
known as CD62L. An adhesion molecule used by stem cells to adhere to the
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is a 74-100 kDa molecule, that is constitutively expressed at the tips of
microfolds on granulocytes, 25 monocytes, and a vast array of circulating
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musculus GlyCam-1is shown in GENBANK Accession

and HUTRIFMRIECRD dsadordneamipsresnlsyMus mewBaRkCam-1 is
Acceskiom MASERBAREO 4265sivd HGHRS NMI0483B4 and Human mRNA isolates for

GlyCam-1 are shown in GENBANK Accession Nos. AJ 489 590, AJ 489 591, AJ 489
592, AT 489 593, and AJ 489 589, all as available on June 24, 2005, which are

20 incorporated herein by reference. These amino acid sequences are not meant to be
limiting, but are provided as examples. Recombinant and modified forms are included

in the present disclosure.

Lymphocytes. A type of white blood cell that is involved in the immune
defenses of the body. There are two main types of lymphocytes: B cell and T cells.
25 Lymphoproliferation. An increase in the production and/or division of
lymphocytes.
Mammal. This term includes both human and non-human mammals.

Similarly, the term “subject” includes both human and veterinary subjects.
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modified forms are included in the present disclosure. Lymphocytes. A type
of white blood cell that is involved in the immune defenses of the body.
There are two main types of lymphocytes: B cell and T cells. 25
Lymphoproliferation. An increase in the production and/or division of
lymphocytes. Mammal. This term includesj poth human and non-human
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parenteral formulations usualfy comprise injectable fluids that include
pharfECEURER S RS BegaRy Rcitelbiery afdbe Blneremsnphas and
physieltgitalsatibe] loatanced salt solutions, aqueous dextrose, glycerol

15 In general, the nature of the carrier will depend on the particular mode of
administration being employed. For instance, parenteral formulations usually comprise
injectable fluids that include pharmaceutically and physiologically acceptable fluids
such as water, physiological saline, balanced salt solutions, aqueous dextrose, glycerol
or the like as a vehicle. For solid compositions (e.g., powder, pill, tablet, or capsule

20  forms), conventional non-toxic solid carriers can include, for example, pharmaceutical
grades of mannitol, lactose, starch, or magnesium stearate. In addition to biologically-
neutral carriers, pharmaceutical compositions to be administered can contain minor
amounts of non-toxic auxiliary substances, such as wetting or emulsifying agents,
preservatives, and pH buffering agents and the like, for example sodium acetate or

25  sorbitan monolaurate.

Plasticity. The capability to be molded, often used to refer to the glexibility and
reversibility of tissue and lineage specification

Platelets. Small cell fragments in blood derived from megacaryocytes.
Platelets participate in wound healing, blood clotting, repair of damaged blood vessels

30  and pathological inflammatory processes.



or the like as a vehicle. For solid compositions (e.g., powder, pill, tablet, or
capsule 20 forms), conventional non-toxic solid carriers can include, for
eﬁ%f)g,mﬂﬁsg?maceutical grades of mannitol, lactose, starch? 8?%%26?1%%%7&9
stearate. In addition to biologically- neutral carriers, pharmaceutical
compositions to be administered can contain minor amounts of non-toxic
auxiliary substances, such as wetting or emulsifying agents, preservatives,
and pH buffering agents and the like, for example sodium acetate or 25
sorbitan monolaurate. Plasticity. The capgpility to be molded, often used to
refer to the glexibility and reversibility of tissue and lineage specification
Platelets. all cell fragments, in blood derived from
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(increased amounts with activation), and megacaryocytes. P-selectin can
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Satellite cell. A muscle-specific stem cell, often located in the periphery of
muscle tissue, and capable of migrating into a muscle to aid in tissue repair and
reconstruction.
Selectin. A family of calcium-dependent lectins, also known as CD62. The
20 three members of this family include L-selectin (CD62L), P-selectin (CD62P), and E-
selectin (CD62E). These adhesion molecules are involved in slowing circulating
leukocytes during their transit in venules, and are also involved in a host of other
adhesive interactions, including but limited to platelet-leukocyte interactions, cell
retention in certain tissues including bone marrow, and adhesion of leukocytes to
25  inflamed endothelium.
Stem cell. A pluripotent cell that gives rise to progeny of many tissue types,
including (but not limited to) the entire hematopoietic and marrow stromal cell lineages.
A typical stem cell resides in the bone marrow, either as an adherent stromal cell type,
or as a more differentiated cell that expresses CD34, either on the cell surface orin a

30  manner where the cell is negative for cell surface CD34. Stem cells can also express



muscle tissue, and capable of migrating into a muscle to aid in tissue repair
and reconstruction. Selectin. A family of calcium-dependent lectins, also
koW HEEEY82. The 20 three members of this family includeé £ X é%?é%%ﬁm“@
(CD62L), P-selectin (CD62P), and E- selectin (CD62E). These adhesion
molecules are involved in slowing circulating leukocytes during their transit in
venules, and are also involved in a host of other adhesive interactions,
including but limited to platelet-leukocyte interactions, cell retention in certain
tissues including bone marrow, and adhesjon of leukocytes to 25 inflamed
endothelium. Stem cell. A pluripotent cell that gives rise to progeny of many
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generally give rise to progeny of a limited number of tissue types. Hematopoietic stem
cells, muscle stem cells and neuronal precursor cells are several examples of totipotent
stem cells.

Subject. An animal that has a circulatory system, including vertebrates such as

20 humans and other veterinary subjects, such as, but not limited to, primates, canines,
felines, bovines, and rodents.

Trafficking. The processes of movement of a cell from the tissue of origin and
traveling within the circulatory system. In one embodiment, trafficking includes
movement of a cell from the tissue of origin, homing by adhesion to the endothelium,

25  transmigration, and final migration within the target organ. In one embodiment,
tracking is the process of movement of a cell of the immune system. In another
embodiment, trafficking includes stem cell mobilization. One specific, non-limiting
example of trafficking is the movement of a stem cell to a target organ. Another
specific, non-limiting example of trafficking is the movement of a B cell or a pre-B cell

30 leaving the bone marrow and moving to a target organ.



15 "Totipotent" stem cells, such as hematopoietic stem cells or neuronal stem
cells, generally give rise to progeny of a limited number of tissue }%g}?&
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are several examples of totipotent stem cells. Subject. An animal that has a
circulatory system, including vertebrates such as 20 humans and other
veterinary subjects, such as, but not limited to, primates, canines, felines,
bovines, and rodents. Trafficking. The processes of movement of a cell from
the tissue of origin and traveling within thggirculatory system. In one
embodiment, trafficking includes movement of a cell from the tissue of origin,
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indiviiti&3ms meaning as commonly understood by one of ordinary skill in the art to which
this disclosure belongs. The singular terms “a,” “an,” and “the” include plural referents
unless context clearly indicates otherwise. Similarly, the word “or” is intended to
include “and” unless the context clearly indicates otherwise. It is further to be

20  understood that all base sizes or amino acid sizes, and all molecular weight or molecular
mass values, given for nucleic acids or polypeptides are approximate, and are provided
for description. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of this disclosure, suitable
methods and materials are described below. The term “comprises” means “includes.”

25  All publications, patent applications, patents, and other references mentioned herein are
incorporated by reference in their entirety. In case of conflict, the present specification,
including explanations of terms, will control. In addition, the materials, methods, and

examples are illustrative only and not intended to be limiting,



another, wherein the two individuals are genetically identical. 15 Unless
otherwise explained, all technical and scientific terms used herein have the

sanfeMEek & as commonly understood by one of ordinary SATRIRGER: TR

which this disclosure belongs. The singular terms "a,” "an," and "the" include
plural referents unless context clearly indicates otherwise. Similarly, the word
"or" is intended to include "and" unless the context clearly indicates
otherwise. It is further to be 20 understood that all base sizes or amino acid
sizes, and all molecular weight or molecujgr mass values, given for nucleic
acids or polypeptides are approximate, and are provided for description.
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-19- Selectin Ligand Isolated from Blue-Green Algae Cells. Disclosed herein
is andiisdasing &inoree BroshIE- e uipended ir AR A A enon flos
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in an aqueous solution. Blue-Green Algae, such as Aphanizarnenon £
aqua@’?ﬁ—‘%?%? &%?Flgagg' & frac %ﬁa egfJ ° B?oaclélg%%ar% rsgv‘%/riﬁeg?%lﬁgngr een
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describetl - BlussaanAlaagsiBIs AsARbaotsRitiinAycan be isolated from
any source, The source can be natur?é.soqrce %1; Itl) ue-green ?i| ae, iﬁ)u%q as
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sourdiyafipfreezegiden, atgaiedsuihe s amrtrifidiadihke totowatbr awaobodiment,
SOUrGEGAN08BN SIMPD MR ted and dried using REFRACTANCE WINDOW™
Technology. The term “REFRACTANCE WINDOW™ Technology” refers to a
system wherein the dryer utilizes the very properties of water to drive water out of the
20  product. In brief, when water is placed over a heating source, heat gets dispersed in the
water through convection. As it absorbs heat, water transmits infrared energy to the
outside in three ways: evaporation, conduction, and radiation. If the surface of the
water surface is covered by a transparent medium such as plastic, evaporation and its
associated heat loss are blocked and only conduction occurs. The plastic membrane
25  acts like a mirror reflecting infrared energy. When a moist material, such as wet blue-
green algae is placed on the plastic surface, the water in the material creates a “window”
that allows for the passage of infrared energy. It is believed that in this system the
water in the material allows for radiation, conduction and evaporation all to occur,
providing for exceptionally effective heat transfer. However after a few minutes, as the

30  material dries, the infrared “window” closes and conduction remains the only means of



produced to grow and harvest blue-green algae commercially. 15 The

blue- Jreen al%ae can be used directly, or can be stored as liquid, frozen
Ildﬁ?d &% ried, or dried using the method described beIO\IX/CTﬁUBEOQG/OZM@

embodiment, the blue-green algae are harvested and dried using
REFRACTANCE WINDOWTM Technology. The term "REFRACTANCE
WINDOWTM Technology" refers to a system wherein the dryer utilizes the
very properties of water to drive water out of the 20 product. In brief, when
water is placed over a heating source, hegj_gets dispersed in the water
through convection. As it absorbs heat, water transmits infrared energy to the
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75°C, or about 72°C. The heat can be applied for a sufficient amount of time to dry the
algae, such as about 1 to about 15 minutes, or for about 2 to about 10 minutes, or for

20  about 3 to about 7 minutes. In one example, heat is applied to the algae at 72°C for
only 3 to 5 minutes. This process is known to one of skill in the art, and is fully
described at the Rossha Enterprises Website, and is described in Abonyi et al.,
“Evaluation of Energy Efficiency and Quality Retention for the REFRACTANCE
WINDOW™ Drying System: Research Report,” Washington State University,

25  Pullman, WA, December 30, 1999). However, freeze dried cells can also be utilized.

As disclosed herein, an aqueous extract can be prepared from fresh, dehydrated,

or preserved blue-green algae cells, such as Aphanizomenon flos aquae (AFA). The
algae can be extracted with water or a suitable buffered salt solution. For example,
water or buffered solutions, general of a neutral pH (about pH 7.0 to about pH 7.8, such

30 as about pH 7.2 to about pH 7.6, or about pH 7.4) is utilized. Suitable buffered salt



below the temperature of the circulating water beneath the conveyor belt.
Other dr_gi soystems can be used to produce dried algae. Generally, two
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time to heat. 15 Applying a high amount of heat for a short period of time
results in less degradation of the components of the blue-green algae. In one
example, heat, such as a temperature of about 65C to about 80C is applied,
such as a temperature of about 70C to about 75C, or about 72C. The heat
can be applied for a sufficient amount of tyqe to dry the algae, such as about
1 to about 15 minutes, or for about 2 to about 10 minutes, or for 20 about 3 to
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temperature (generally 25C), such as at temperatures of about 3C to about
15C, kereroabaitdgdgtsc theabagstarendsdinghe bfftradsal selpion stktion
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e
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PH. 7t w@Ntind centrifuged to remove solid material. For example, the suspension can be
centrifuged at 400g for 10 minutes.
Following separation of the solid material, the supernatant, which generally
20  appears blue in color, is isolated. This extract is termed “Extract A.” This supernatant
optionally can be sterilized, such as by filtration. In one example, a bright blue
supernatant is decanted following centrifugation and sterile filtered using a 0.22 mm
filter. This filtrate can be stored, such as at about 4°C in the dark.
The extract that contains the selectin ligand, such as the L-selectin ligand, such
25  as Extract A, can be dried, as described above. In one example, heat, such as a
temperature of about 65°C to about 80°C is applied to the aqueous extract, such as a
temperature of about 70°C to about 75°C, or about 72°C. The heat can be applied for a
sufficient amount of time to dry the extract, such as about 1 to about 15 minutes, or for
about 2 to about 10 minutes, or for about 3 to about 7 minutes. In one example, heat is

30  applied to the extract at 72°C for only 3 to 5 minutes. This process is similar to the



10 incubated at 4C. This incubation can last for 5 minutes, half an hour,
several hours, or overnight. In several examples, the algae is incubated in_an

a&ﬁ%&??g g&ﬁmon for about half an hour to about two hours, Aot ANeAR4 762

hour to about three hours, or about half an hour to about 12 hours. The
algae suspended in the buffered salt solution can be protected from light to
decrease degradation. Following incubation in an aqueous 15 solution, the
solid material is separated from the aqueous extract. The mixture of algae in
the aqueous solution, such as the salt solgtion, can be mixed by repeated
inversion of the vial, and centrifuged to remove solid material. For example,

the 3%%9&9?&89&5&943&&9%@&@f%%%ﬂy%t”ﬁ‘i’o%t%ﬁlﬁagd?ﬂ UHHRS: g %UﬁXYéHQg and

separation of the’solid material, the sug?ernatant W genérally 20 appears

blue IRWHIER ReRMm R T RERAGE @W@Wrac‘?ﬂmg ﬁY§t§‘HpEFP%?F&ht
opuonallbm,amehstgmhzsaﬁtswbemmﬁlm@mwm e eoBpright biue

superpa sd cante Eollo ng centr ifugation.and sterile flltered usin
0.22 mm I?It fis fiftrate ca\ll\(r{\f c%e S oréid)%%c r%s al's a%%le?%‘@m ﬁus a%kgmwn

The é%ﬂ*h@@‘ﬂ%!%ontams the selectin ligand, such as the L-selectin ligand,

such 25 asyzxiaed Apdeaic bR liinakias deaqibes sl R MhRNs: X Rifctin-
heat, such asa temp ture of apout 65C to about 80C is ag)émed to the

aque(%ﬁré Ba&t trsaﬁtc SEE T ttﬂ‘lélb?saaﬂoq?fl%%trﬁ prracedfor an L
72C. Eéﬂ@thdmamdnkbé@pphmd @5 @rzufficibertngoun o fivmetioudfysthem to

extra%(,%ygr%?aag}q% A APOLAR SRS A BF 1 2H b B RRAHE  Osuch as

minutes, or bout 3 to_abouf 7 minutes. In one example, heat is 30 applied
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effective amount of the se ec |n COﬂ aining ex ofg%Ieue- reen al éle such
as aﬁ%%ﬁm@@@mm}@@y&omm a selectln such as human L-selectm can

be utilized. An exemplary amino acid sequence of human L-selectin is set forth as
GENBANK Accession No. NP_000646; an exemplary amino acid sequence of murine
L-selectin is set forth as CAB55488 and an exemplary sequence of mouse L-selectin is

20  set forth as GENBANK Accession No. AAH52681. All of these sequences were
available on the internet on June 24, 2005, and are incorporated by reference herein.
Additional exemplary sequences of L-, P-, and E-selectins can be found in the
GENBANK database.

The selectin can be a native molecule, such as a human L-selectin, a human P-
25  selectin, a murine L-selectin, or a murine P-selectin. The selectin can also be a
genetically engineered form, such as a recombinant molecule that is a stable form of the
L-selectin, and/or a molecule that includes a fragment of a selectin, such as the
extracellular portion of the human L-selectin molecule. In one example, the selectin is a

fusion protein in which the extracellular portion of human L-selectin and the Fc portion



selectin ligand, is from about 0.25 gram to about 5 gram, or from about 0.5
gram to about 5 gram, or from about 1 gram to about 2 gram of a dried
agueous extract, such as 10 extract A. In one specific, non-limiting example,
the effective amount of selectin- containing extract of blue-green algae is
about | gram of a dried aqueous extract, such as extract A. A selectin ligand
can r purifiedfrom the agueous. extract A. For example, the_selectin
o R A R B ke
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8equkmek of murine L-selectin is set forth as CAB55488 and an exemplary
sequence of mouse L-selectin is 20 set forth as GENBANK Accession No.
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-selectin., The selectin can also pe enetically engineered form, such as a
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portigagfithmbumanilsselgsiamolecyle. 0.0 LxamplIsHIIe SeleaIN dL% e
fusgg ﬁé%t‘%g in which the extracellular portion of human L-selectin an the
r
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1820 Pgrordarad ueyahihg internee. lie solid substrate cavaalently bound to
the selectin, such as, but not tiniiitcx| to, L.selcetir" is incubated with the

supern t ant sk disdetAnpléhendateinselubla ettt afdherlie. giegand algae).
The ma.ert L from r;ﬁ: algag that.specificall %ilnds lectin is then isolated.
it e e e S s e e
mol@gfeducing conditions the molecular weight is about 162 kDa, and if a complex of
three 57 kDa subunits is formed the apparent molecular weight under non-reducing
20 conditions is about 171 kDa. If a complex of three 54 kDa subunits and three 57 kDa

subunits is formed under non-reducing conditions the molecular weight of the complex
isabout 333 kDa. Thus, the purified selectin ligand can have a molecular weight of
about 200 kDa under non-reducing conditions. If a complex of one of each ligand is

formed, then the apparent molecular weight of the complex is approximately about 111
25 kDa. Alternatively, the two subunits can not be in a complex, and the apparent
molecular weight under non-reducing conditions will be the same as under reducing

conditions. The selectin ligand can be a protein or a glycoprotein.

The extracts and compositions disclosed herein can be administered in any form,

including as solids such as tablets or powders or as a liquid preparation. In one
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units 3Lk a31eRRSUIRIS AP RIR Ol tRR R cRRE HERBIRIN IR Bcrystalline cellulose
or calcium hydrogen phosphate); lubricants (such as magnesium stearate, talc or silica);
disintegrants (such as potato starch or sodium starch glycolate); or wetting agents (such
20  as sodium lauryl sulphate).
In one example, a tablet containing the compositions disclosed herein, such as
but not limited to an extract enriched for an L-selectin ligand or a solid form thereof, or
a purified selectin ligand, can be prepared by compression or molding, optionally, with
one more accessory ingredients. Compressed tablets can be prepared by compressing in
25  asuitable machine, a free-flowing form such as powder or granules of a dried extract
and/or selectin ligand, optionally mixed with a binder, lubricant, inert diluent, surface
active or dispersing agent. The composition, such as the tablet, can include
pharmaceutically acceptable components such as lactose, glucose, sucrose, corn starch,
potato starch, cellulose esters such as cellulose acetate, ethyl cellulose, magnesium

30 stearate, calcium silicate, precipitated silica, talc, fatty acids such as stearic acid,



therapeutically effective amount of the composition, as a powder or granules,
or as a solution or a suspension in an aqueous liquid. Thus, dosage forms

in‘éllﬂ&gofé%fzg@, capsules, dispersions, suspensions, solutiong,cgé feL4AY

the like. Because of their 10 ease of administration, tablets and capsules
represent a convenient oral dosage unit form, in which case solid
pharmaceutical carriers as described above are employed. However, the
compounds can also be administered by controlled release means, or can
be formulated for other means of deliverypsuch as, but not limited to
intranasal or transdermal delivery. 15 The compositions can include inactive

ingredignds-SustiasbIRWNg agent (FHChARPERISRUNIERE RRIZR R be
polyvinylpyrrolidone or h droxyproe%/l methylcellulose); binders or fillers

(such 8894 fxrosthgds Rkt o 5 @thlline cellulose or calcium hydrogen
phosphate)Lighidgasisr{tonhfasombginesisimtivieeratekdale naibealkr example,
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can take the form of, for example, solutions; syrups or suspénsions, or ﬁ1ey
can FO'BPEEERTSHIRL ¥edhnT PR GatIBefEion can also include a sweetener, such as a

natural (for example, sugar or honey) or artificial sweetener (for example, saccharine),
if desired. Generally, the carriers, sugars, diluents, stabilizers, buffers, flavoring and
texturing ingredients are considered to be inactive ingredients, as they do not impart a

20  therapeutic effect in and of themselves.

In several embodiments, the composition can include one or more additional

extract(s) of Aphanizomenon flos aquae (AFA) that induces the migration of stem cells.
This extract can be obtained by extracting liquid Aphanizomenon flos aquae (AFA) in
an alcohol, such as but not limited to, ethanol or methanol. In one example, the

25  additional extract is produced by extracting Aphanizomenon flos aquae (AFA) in about
10% to about 20% ethanol. In one example, the composition includes an extract
prepared by extracting liquid Aphanizomenon flos aquae (AFA) in about 10% ethanol.
In one example, the additional extract is produced by incubating liquid AFA in about
10% ethanol at a temperature of about 65°C to about 85°C is applied to the aqueous

30  extract, such as a temperature of about 70°C to about 905°C, or about 85°C. The



5 constitution with water or other suitable vehicle before use (see the
examples section). Such liquid preparations can be prepared b

convéettiolat theans with pharmaceutically acceptable additi\ygé%%og?/(y“@

inactive agents, such as suspending agents (such as sorbitol syrup,
cellulose derivatives or hydrogenated edible fats), emulsifying agents (such
as lecithin or acacia), and preservatives (such as methyl or
propyl-p-hydroxybenzoates or 10 sorbic acid). The compositions can also be
made to be pleasant tasting, and thus camgontain buffer salts, flavoring,
coloring and sweetening agents as appropriate. Diluents and other inactive

ingredigiis:SldcheasRei-nReR apBasaHicalapsRRIaRNS binding agents,
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one example, RBh AP ke e praiebbiniRam Al ryrisord frrat ghout
abouB500%fethabow atedottmepdraisre of about 65C to about 85C is applied to
ke aqueous 30 extract, such as a temperature of about 70C to about 905C,
or about 85C. The WO 2007/002570 PCT/11521106/024769 -26- solution is

then centrifuged and the suinriapiSied@a (@esinhais). In one

embodiment, about 50 mg to about 500 mg, such as about 100 mg to about
250 mg, A method is described herein for enhancing stem cell mobilization by

administering to a subject a therapeutically effective amount of an aqueous extract of a
blue green algae such as Aphanizomenon flos aquae (AFA), enriched for a selectin

20  ligand, such as L-selectin, and/or a therapeutically effective amount of a purified
selectin-ligand. The selectin ligand can be an L-selectin, P-selectin, and/or an E-
selectin ligand. Selectin ligands stimulate stem cell release (Frenette and Weiss, Blood
196(7): 2460, 2000). The subject can be any subject, such as a human or a veterinary

subject.

25 An aqueous extract of blue-green algae enriched for a selectin ligand, such as an
L-selectin, or a purified selectin-ligand from blue-green algae, can be administered
alone or in combination with other agents. In several embodiments, the purified
selectin ligand and/or the aqueous extract enriched for a selectin ligand (or a solid form

thereof), is included in a pharmaceutical composition along with a pharmaceutically



such as about 150 mg of the dried product is administered to the subject. In

one examgle a composition of use includes about 0.25 gram to about 5
gr‘g%,m%@ %‘?‘?)Om about 0.5 gram to about 5 grain, or from abolbif T 6%5%6/%4769

about 2 gram of a dried selectin-containing extract, such as a solid form of
an aqueous extract enriched for an L-selectin ligand, such as extract A. In
one specific, non-limiting example, the composition includes about 1 gram of
a dried selectin-containing extract of blue-green algae (such as AFA), such
as a solid form of an aqueous extract enrighed form an L 10 selectin ligand,
such as extract A. The composition also includes about 150 mg of a second

dried extract of AFA, wherein. the second dried extract is. such a
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ligands: styplilaisosiehar batiéate (Rbgrette and Weiss, Blood 196(7): 2460,
2000). The subject can be any subject, such as a human or a veterinary
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algae, can.be administered .alone or.in combinatign with other agents., In
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amo AR B RASHAY e S HSMEPeH 15g about 0.5 gram per kg body weight. In

15  another specific, non-limiting, example the effective amount of the solid form of an
aqueous extract of blue-green algae enriched for a selectin ligand is from about 0.25
gram to about 5 gram, of from about 0.5 gram to about 5 gram, or from about 1 gram to
about 2 gram. In one specific, non-limiting example, the effective amount of the solid
form of the aqueous extract of blue-green algae enriched form a selectin ligand is about

20 1 gram.

The active agents of the compositions disclosed herein can be admixed with a
carrier. In general, the nature of the carrier will depend on the particular mode of
administration being employed. For instance, parenteral formulations usually comprise
injectable fluids that include pharmaceutically and physiologically acceptable fluids

25  such as water, physiological saline, balanced salt solutions, aqueous dextrose, glycerol
or the like as a vehicle. For solid compositions (e.g., powder, pill, tablet, or capsule
forms), conventional non-toxic solid carriers can include, for example, pharmaceutical
grades of mannitol, lactose, starch, or magnesium stearate. In addition to biologically-

neutral carriers, pharmaceutical compositions to be administered can contain minor



solid forms of additional extracts, can also be administered to the subject. In
one embodiment, a therapeutically effective amount of a solid form of an
a&ﬁ%&?ﬂ’g/%%&?ct of a blue green algae enriched for a selectinPﬁgjrét'l‘%S(f?gﬁl024769
administered to the subject. Thus, a 5 method is provided herein for
increasing the mobilization of stem cells in a subject, comprising
administering a therapeutically effective amount of an aqueous extract of
blue-green algae enriched for a selectin ligand, such as L-selectin, thereby
increasing the mobilization of stem cells ipgthe subject. In one specific,
non-limiting example, the aqueous extract is dried, such that a 10 solid form

is progiicas @f}s&%}&eaﬁﬁu@iﬁ%%&%@y&m@%&&%t&eeﬁﬁ'ﬂ&g%gh&m
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water, physiglogical saline, balanced salt solutions, agueous dextrose,
egce‘I‘EﬁlZS 118 ﬁ%@%@a\}@rﬂ&@?ﬁ‘@%ﬁ&%ﬂ‘?ﬁ@éit?é‘géh@?@ismgtfék pill,
tablech@racapisdde(é@rmygmowv‘ghtjmay fiopeexitage]itcsrsias, et blikide,
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magnesium stearate. In addition to biologically- neutral carriers,

pharfiERStRaPREIPIRatEHECtS BecanhvAtmirsted incoathennhyacrMpan.
2007100254 0rdfe Ehbbdmzchl, AbéQR2446Fs dZ8d and is administered as a solid. In another

embodiment, the aqueous extract is dried, and then a specific amount is dissolved in a

carrier and subsequently administered to the subject.

20 Specific assays for determining a therapeutically effective amount of an aqueous
extract, such as an aqueous ligand enriched for a selectin are provided herein. In one
specific, non-limiting example, different amounts of a selectin ligand-containing extract
of blue-green algae, such as AFA, are consumed by human subjects and the presence
and/or quantity of stem cells (which can include subtypes of such cells) present in the

25 circulatory system is detected and/or analyzed. In another embodiment, an animal (such
as a mouse, rat, or other veterinary) model is utilized, and the population of newly
integrated stem cells is monitored in various tissues (see the Examples below). It
should be noted that the methods disclosed have equal application in medical and

veterinary settings.



amounts of non-toxic auxiliary substances, such as wetting or emulsifying
agents, preservatives, and pH buffering agents and the like, for example
sgﬁﬂﬁ%"%&%’%{f’e or sorbitan monolaurate. This effective amoul Qf 024769
administered at a given frequency, such as about 5 once a week, about
twice a week, about three times a week, once a day, about twice a day,
about three times a day, or more. One of skill in the art can readily determine
a therapeutically effective amount of a purified selectin ligand, or an aqueous
extract enriched from a selectin ligand. Imene specific, non-limiting example,
the amount of circulating stem cells, such as the amount of cell expressing
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(which can include subtypes of such cells) present in the 25 circulatory
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9
an about 5?1ours, less than about 4 hours, less than about 2 hours, less than about
1 hour, less than about 30 minutes, or less than about 10 minutes following

administration.

20 In one embodiment, administration of the aqueous extract of blue-green algae
enriched for a selectin ligand, and/or the purified selectin ligand, results in the
mobilization of stem cells into the circulation from about 10 to about 30 minutes
following administration. Mobilized stem cells will enter the circulatory system, thus
increasing the number of circulating stem cells within the subject’s body. The

25  percentage increase in the number of circulating stem cells compared to a normal
baseline may about 25%, about 50%, about 100% or greater than about 100% increase
as compared to a control. In one embodiment, the control is a baseline value from the

same subject. In another embodiment, the control is the number of circulating stem



-29- Regardless of how provided or administered, the blue-green algae
extract and/or purified selectin ligand induce a transient increase in the
p%%?é?%?%?girculating stem cells, such as CD34+ stem celAAGEP6/024769
CD133+ cells. The blue-green algae extract can also include a transient
increase in stem cells that can be measured by fluorescently 5 labeled
aminoacetaldehyde. This procedure is described on the stem cell website
(see http://www.stenicell.com/technical/aldefluor.asp, see also
http://www.stemcell.com/technical/12_aldfluor.pdf ). Briefly,
fluorescent-labeled aminoacetaldehyde can freely diffuse into cells. An
intragaiiular enzvme ALDE: @ldehyds debyteornasaees e ihindbsbgical
fluorescent-labeled aminoacetate, which 10 cannot diffuse out of the cells.
Thus;28éils that have the enzyme ALDH (such as stem cells) become

fluorescent, Qther ?%Lsdl(l%légtrsl, ?l‘?ﬁ%%ﬁc%%%ﬁh?oﬁmr%%ﬁdﬂﬁéﬂgmﬂe subject
e

differentiated celis appear non-fluorescent after washing. Enhancement of,
stemiceifiistikiztore TP IEoBER AR IH) T SUA N I PRI FSE B OER®
cells i aattickias 8ase, of bidenaiare digae exiaehilnenbedibeambbdintgnt,
providing a purified selectin-ligand from blue-green algae t ' i
enhafice’; ﬁﬁ@&?i8ﬁ°8?§ﬁ§tn§l?é}jgc:s stem ce I?\%ﬁﬁ%ﬁfﬁ:@gg r%JC %rl?izglé)geﬂr#od,
suchsgstetessitfiavesdobutsSsteouier, dedasting Aystsoutln sseiic sadodiasmisotist 2

hourg, 1e5$ (a0 aRRidhotoBRUAIIRS A RRRAMI ARIAY eSS, ReRilsanisabout

10 minutes following administration. .20 Jn one embadiment..administratign of
the atiSEBRdTa%RM ’&HBWB‘@W%W&%JG@%%H lrsé’ngseéla'ier{’l?éaaﬁ ° tee
20nd/ clisdecp uiiifieshdielectitedigbad irdsultsamplleebetwbilization of stem cells
into the circulation from about 10 to about 30 minutes following
administration. Mobilized stem cells will enter the circulatory system, thus
increasing the number of circulatingsixaveglisswithin the subject's body. The

25 percentage ingrease in the number of circulatin stem. y 5
nonual basﬁ?fh@ g@%ﬁéﬂ?@@%,ma%gﬂ Jg%g%lijl!a Sgegte fsla%ﬁlcl%r%?gagggrgﬁ?ag#&g
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ggntrﬁlg&%m@@d@m({rom the same subject. In another embodiment,
the control is the number of circulating stem WO 2007/002570
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Example 1

Production of AFA and extraction
A blue-green algae, Aphanizomenon flos aquae (AFA), was isolated from
20 Klamath Lake. The blue-green algae was dried using REFRACTANCE WINDOW™
Technology.

One gram of dried algal material was resuspended in 10 ml phosphate-buffered
saline or water and incubated 1 hour at 4°C and protected from light. This slush was
mixed by repeated inversion of the vial, and centrifuged at 400g for 10 minutes. The

25  bright blue supernatant was decanted and sterile filtered using a 0.22 mm filter. This
filtrate was stored cold and dark, and used within the same day of preparation. This

extract was called Extract A



-30- cells in an untreated subject, or in a subject treated with a placebo or a
pharmacological carrier. In some embodiments, the subject is healthy. In
otNE&H8 ithents, the subject is suffering a disease or phygﬁ) 6%%%6/024769
condition, such as immunosuppression, chronic 5 illness, traumatic injury, or
degenerative disease. In certain embodiments, the subject suffers a disease
or condition of the skin, digestive system, nervous system, lymph system,
cardiovascular system, or endocrine system. In specific embodiments, the
subject suffers osteoporosis, Alzheimer's gisease, cardiac infarction,
Parkinson's disease, traumatic brain injury, multiple sclerosis, cirrhosis of the
liver, or any of the 10 diseases and CEQQI%]@% described in the Examples
below. EXAMPLES The following examples are provided to illustrate

particular featSebesctn ligred exaciedfeereMundihi anteritteasdopetigdhe

present invesiien shewlemotine dnitatuies, Lallwse featispepdedanduifieesd in
Exa Production of AF d extragtion A.blue-green algae

npnal U oNaL i e A RSB TR ek rne
bfue-gletemiaky dtonamntiniesthinsggcRE PR& OFRRCEsVIPRIDE i tained in

Technalagy,:Ongreransaahdrigihalgal ioaieisiwasd es)RRaRAR e O Bbvine
phosphate-buffered_ saline or water and incubated | houg at 4C and protected

from RGP FRUR SFORRIS RN By #Ep EhAY FHORYARSH S heotRaP ERE e
centribligenk a8y dts Lerayirptes] HRPRE Liightiipbsuperh 0% FaiakCalf

decanyed, andisi6! e Alated HRPY A OoAg M orpy?éﬁuﬁlaqﬁﬁ%vgﬁe?ﬁ%%n.
cold and dark, and used within the same day of gregaratlon. This extract'was

¢8lled Extrabt BART T FHoTsE7 PPEPUSS By PlEs:grrmaleee
Seleclipnligabslash gotedirenAE wié otnadediatseiippes@hadsh Lake in Oregon,

USA. For early experiments, a freeze-dried powder was used. For later experiments, a
powder was obtained from Desert Lake Technologies LLC, Keno, OR, which had been
dried using the REFRACTANCE WINDOW™ drying technology. Dried powder of

15 Spirulina platensis was obtained from Healthforce Nutritionals Inc, Escondido CA.

One gram of dried algal material was resuspended in 10 ml phosphate-buffered saline,
and incubated overnight at 4°C and protected from light. The slush was mixed by
repeated inversion of the vial, and centrifuged at 400g for 10 minutes. The bright blue
supernatant was decanted and sterile filtered using a 0.22 mm filter. This filtrate was

20  stored cold and dark, and used within the same day of preparation.

Monoclonal antibodies: The CD62L monoclonal antibody TQ1 (specific for the
ligand-binding area of the L-selectin molecule) linked to phycoerythrin (PE), was
purchased from Coulter (Hialeah, FL). CD45-PerCP, CD11b-PE, CD14-PE, and
isotype control antibodies were obtained from Becton-Dickinson.

25 Capturing of ligand using Dynabeads and chimera proteins: In order to identify
the molecular weight of the selectin binding compound, a cell-free method was used, in
which Dynabeads (Dynal Biotech Inc., Lake Success, NY) coated with Protein G were
incubated with a selectin chimera protein (R & D Systems Inc., Minneapolis, MN). The
chimera protein is a fusion of the extracellular domain of human L-selectin, P-selectin,

30  or E-selectin, with the Fc portion of human immunoglobulin G. The chimera protein



Buffers and media: For cell cultures, cells were re-suspended and cultured in
RPMI- 1640 with 10% fetal calf serum, 1% penicillin and streptomycin, and L
5‘@/&26?%?1(3.5Eor immunostaining, cells were washed, resuspé’r?éré ,28?? 24769
stained in phosphate-buffered saline containing 0.02% Azide and 1% fetal
calf serum or bovine serum albumin. For proliferation assays and for
stimulation for phosphotyrosine blotting assays, cells were prepared in RPMI
1640 with phenol red, 10% Fetal Calf Serum (Gibco, Grand Island NY), 1%
glutamine, 1% Penicillin and 1% Streptomygin. 10 Cyanobacterial extracts:
Dried powder of the freshwater blue-green algae Aphanizomenon flos aquae
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proteins; In order to identify the molecular weight of the selectin bi
compt lﬁfigyc S HREASRWaE 528, in which Dynabeads (Dynal Biotech
Inc., Lake _Smpaa%&l kpyrovatedbeit ddente iwi renabinelihates Witblétin/IgG1
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chimera protein is a fusion of the extracellular domain of human In,
P-selM8eH BE e Rursi otk sear aelecn fhinding srmranetlobulin G.
The chimer&lprespondé: 20RO 3B0 G e DYAGHad 4Bt m3tod were

prepared for gel electrophoresis by mixing 1:1 v/v in Laemmli sample buffer (Biorad

cat# 161-0737) with mercaptoethanol. SDS gel electrophoresis was performed on 4-
20 15% gels (BioRad) in TRIS/glycine/SDS buffer (Biorad cat# 161-0732) for 1 hour at
120 V.
Electrophoresis for native protein was performed with SDS-free reagents, using
Native Sample Butffer (Biorad cat# 161-0738) for loading, and TRIS/glycine buffer
(Biorad cat# 161-0734) for electrophoresis.
25 Human subjects: Healthy human volunteers were recruited upon informed
consent from laboratory staff and students between 20 and 45 years of age. Blood
samples were obtained by venopuncture under aseptic conditions, and processed

immediately.



was covalently linked onto the Protein G-coated Dynabeads using the

protocol recommended by the manufacturer, in which beads were incubated

for ? A8 IASL freshly made 5.4 mg/nil solution of dimethyl piﬁ%‘ﬁﬁ@gfé%(“@
2HC1(Sigma Aldrich) in 0.2 M triethanolamine buffer pH 8.0 (Sigma Aldrich).
The cross-linking was stopped 5 by removing the beads from the
cross-linking solution, and resuspending in 50 nrM TRIS buffer pH 7.5
(Sigma Aldrich) for 15 minutes. Unbound chimera was eluted off the beads
by two washes in citrate/citric acid buffer pi4.2.8. The beads were then
washed several times in PBS pH 7.4, and added to a freshly made AFA

water extragh, Basng PAISIALMEOm AN A A WA AX B WASHRIMIRS A, ONGs

of three ways; 1) by 10 baoiling in Laemmli buffer containing .
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I
25 Human subjects: Healthy human volunteers were recruited _ugon informed
consent frofABEHBRIS A Lardretta disshredfenrrbn Gxrd neriphed Bpede.
Bloodesiayis svere disatiiaisikietb y vy mpuvcisiten D6l el H siptitieo prkanthe

399 PrGGERRRH. INMSHAEN S A9 PE0%R A REHY 520810 B Extract
of the blue-green algae AFA was prepared in physiological saline and serial dilutions
performed. Cells were resuspended in either PBS, PBS-AFA-W, PBS-AFA-W-azide,
or PBS-PC at various dilutions. Cells were incubated at room temperature and in the
dark for 20 minutes. The unfixed fraction was not in contact with sodium azide during

20  treatment with AFA extract, but was resuspended in sodium azide-containing buffer for
subsequent immunostaining. This was to allow for free cytoskeletal movements and
shedding of L-selectin. The fraction that was kept in 0.02% sodium azide was in
contact with sodium azide during the whole procedure, both treatment with AFA extract
and subsequent immunostaining. This would block cytoskeletal movement and reduce

25  orblock L-selectin shedding. After incubation with or without AFA-W, buffer was
added, and cells centrifuged. Supernatant was discarded, and cells resuspended in a
volume of 50 pl phosphate-buffered saline containing 1% fetal calf serum and 0.05%
azide. Optimal amounts of monoclonal antibodies, as determined by previous titrations,
were added. Plates were incubated at room temperature for 10 minutes, buffer was

30  added, and plates centrifuged. Supernatants were discarded, cells resuspended in 50 pl



Isolation of Peripheral Blood Mononuclear Cells (PBMC): Peripheral venous
blood was layered onto Ficoll-Hypaque (Amersham), and centrifuged for 25
mhAe74Y2 g. The PBMC-rich interface was harvested, ar?cfﬁﬁ%%%%éozw@
washed twice in RPMI. Isolation ofPolymoiph Nucleated Cells (PMN):
Peripheral venous blood was 5 mixed with dextran70 in 0.9% saline to a final
concentration of 1% dextran at room temperature. Sedimentation was
allowed for 1 hour. The leukocyte-rich supernatant was harvested and the
leukocytes pelleted by centrifugation. Thegaellet was resuspended in 2 ml of
phosphate buffered saline which was then layered on top of 3 nil

Ficol |W%ﬁ%&ﬁ[@@f@ﬂﬁ£ﬁﬂt§£mmeﬁ?ﬁ@%}ﬁ&’ duGRALALE acquisition by
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both treatment with AFA extract and subsequent immunostaining. This would
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selectin ligand from AFA: The distances on the gel were measured for the known

20 molecular weight markers. The position of the AFA-derived selectin ligand (double
band) was plotted onto that graph.

Example 3
Stem cells are mobilized by an aqueous extract from AFA
25 This experiments described below demonstrates that an aqueous extract of AFA
(Extract A, also termed “AFA-W?) is enriched for a selectin ligand and can be used to

enhance mobilization of CD34+ stem cells.

Healthy human volunteers were identified, and the proportion of CD34+ cells

was evaluated in the peripheral blood (circulating CD34+ cells) of each person prior to



WO 2007/002570 PCT/US2006/024769 -34- buffer, and fixed in 1% formalin.
Samples were kept cold and dark until acquisition by flow cytom
A@'&b@‘%}qw&s performed within 24 hours of fixation. Immunggfgﬁ%()&%?“@
CXCR4 expression induced by L-selectin ligands: The binding of Fucoidan to
L-selectin results in externalization of pre-made CXCR4 onto 5 the cell
surface, followed by internalization, creating a window in time for
responsiveness to chemotactic factors. This system was used to examine
whether AFA- W would compete with Fuddidan for binding to L-selectin on
the leukocyte cell surface, and to assess whether it would block this
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to thedhirshaeriesrd Wellsxihdifferent time points (1, 10, 20, 30, 40, 60
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extrac from ?FA 25"'2&10 fac Xorg%s crlg)%d Iow monﬁgncﬁsthat an

aque US extr a1SO termed ISe 1ed for a
sele&ligkiggandSamdosart-Be used to enhance moblllzatlon of CD34+ stem

cells. Healt n volunpteers were identified, and the portlon of CD34+
cells was gf}/ Ifﬁbﬁqﬁt?ﬁglﬁéﬂﬁwgﬁl%&g&’fﬁﬂﬁﬁ ﬂlh?&%@ﬂﬁ‘ﬂ%ﬁ%&%ﬁh

Igersal pridggayed a transient increase in circulating stem cells. Specifically, the X-axis
shows the time course of a typical experiment at 0, 10, 30, and 60 minutes after
ingestion of the L-selectin-ligand containing extract of AFA, expressed as a percentage
of the control level. At the time of ingestion, the proportion of circulating CD34+ cells
is the same as the control. The peak increase in circulating CD34+ cells was observed

20  at about 10-30 minutes after consumption. At this time point, the number of circulating
CD34+ cells was increased 2-fold (greater that 200%) over the control value. By 1 hour
after ingestion of the selectin-ligand containing extract of AFA, the circulating CD34+
cells had returned to the baseline value. Therefore, an aqueous extract of AFA can
enhance the release of endogenous stem cells (e.g. CD34+ cells) from bone marrow and

25  other anatomical sites into circulation. Consumption of the selectin-ligand containing

extract of AFA mobilizes CD34+ stem cells.



WO 2007/002570 PCT/US2006/024769 -35 consumption of the
selectin-containing extract of blue-green algae as well as 10 minutes, 30
m%%f@gzlg&srﬁ)lnutes, and 120 minutes after consumption. Thé’?/]gmé’g@g“@
were instructed to limit physical and mental activity for a time before and after
consumption of the AFA extract. 5 hi one embodiment, 5 grams of dried AFA
was extracted in 40 ml of water and the participant drank the water. In
another embodiment, participants consumed 750 mg of dried
L-selectin-ligand containing extract of AFA;dRed blood cells in whole blood
samples obtained from each volunteer were lysed using FACS lysing solution
(Beckton- Dickinson, San Jose, CA). @%ﬁggining cells were washed and
stained with 10 monoclonal antibody APCR conjugated with fluorescein
isothiocyanate. S&RiaLeqns fextrastah A fopntains adelestiafagendy flow

cytometry uSirg:epbraasiadibsrileyberiaipaler{Bast A DRSS w4988

CA | f ton- Dicki , San Jose, CA). FIG. 1
s s L e T A R
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15 (lymphocytes and monocytes) from neutrophils. The pellet containing neutrophils was
resuspended in saline. Cells were washed, resuspended in a nutrient-rich medium

(RPMI 1640), and kept on ice until use.

Fresh and formalin-fixed peripheral blood leukocytes were distributed into wells

in a V-bottom 96-well microtiter plate at the approximate concentration of 10° cells per

20  well. A freshly prepared water-based extract of the blue-green algae AFA was prepared
in physiological saline and serial dilutions performed. Cells were resuspended in either
PBS, PBS-AFA-W, PBS-AFA-W-azide, or PBS-PC at various dilutions. Cells were
incubated at room temperature and in the dark for 20 minutes. The unfixed fraction was
not in contact with sodium azide during treatment with AFA extract, but was

25 resuspended in sodium azide-containing buffer for subsequent immunostaining. This
was to allow for free cytoskeletal movements and shedding of L-selectin. The fraction
that was kept in 0.02% sodium azide was in contact with sodium azide during the whole
procedure, both treatment with AFA extract and subsequent immunostaining, Sodium

azide blocks cytoskeletal movement and reduces or blocks L-selectin shedding.



Example 4 An Aqueous Extract of AFA Contains a Selectin Ligand The
egﬁ((?eriments described below document that AFA contains a water-soluble

c OHEPEREY specifically reduces TQI inununostaining of L-BEIERHEA24769
human 5 lymphocytes, monocytes, and neutrophils. Peripheral Blood
Mononuclear Cells (PBMC) were isolated by layering peripheral venous
blood onto Ficoll-Hypaque (Amershain), and centrifuged for 25 minutes at
400g. The PBMC-rich interface was harvested, and the cells washed twice in
RPMI. Polymorphonuclear Cells (PMN) wete isolated by mixing peripheral
venous 10 blood with dextran70 in 0.9% saline to a final concentration of 1%
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leukocyte-rich supernatant was harvested and the leukocytes pellete
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reduction of TQ1 staining was strongest on lymphocytes and PMN, but was also
observed on monocytes (FIG. 2A). On lymphocytes and PMN, an approximate 40-70
fold reduction in TQ1 staining was seen when cells were pre-incubated with AFA-W, in

20  contrast to a 15-fold reduction for monocytes.

The expression of CD11b was slightly up-regulated, while no significant
changes were observed for other adhesion markers (CD11a, CD18, CD29, CD49d,
CDA49¢, and CD44). Formalin-fixed peripheral blood lymphocytes were incubated in
the absence or presence of serial dilutions of AFA-W. Staining of lymphocytes with the

25  TQl antibody showed a dose-dependent reduction in TQ1 binding to L-selectin with
increasing concentrations of Extract A. As the effect was seen also on the formalin-
fixed lymphocytes, the reduced staining could not be due to shedding of L-selectin.
(FIG. 2).



-37- Therefore, any reduction in staining for L-selectin with a monoclonal

antlbo%v is due to direct competition with a compound in AFA Extract. After
intUbAAER @th or without Extract A (AFA-W) buffer was addelacgﬁﬁmgg/ﬁéﬂw

centrifuged. Supernatant was discarded, and cells resuspended in a volume
of 50 5 | phosphate-buffered saline containing 1% fetal calf serum and
0.05% azide. Optimal amounts of monoclonal antibodies, as determined by
previous titrations, were added. Plates were incubated at room temperature
for 10 minutes, buffer was added, and platgs centrifuged. Supernatants were
discarded, cells resuspended in 50 | buffer, and fixed in 1% formalin.
Samples were kept cold and dark untiacaiisiion by flow cytometry. 10
Acquisition was performed within 24 hours of fixation. The CD62L
monocladed selettindigan@ hl(spe itcfpressiohgdieticninbingraceptafstivéggered by

L-selectin molecule) linkad s1KGRE XY (R wes Aighased from
Coulter (Hlaleah FL). The incubation of PBMC and PMN with the water

extract from AERIAEYS o6 isKitslpils Peighityspsivmdmriotand &y britpleri as
T8 1 anlidtasrthisialeeiin the TQunacionRhaMiibdity WKEH 4311ke ovvaics be
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Janun .147(3):942-9, 1991). The AFA-W mediate reductlon 0
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reduction a en cells re-incubated wit

AFA- edlta}a(sqe?@c\{v ‘?ﬁg eduction 1o ié\rin%(;%fcytes The expression
@PCDI Ib was sllghtly up-regulated, while no significant changes were
observed for other adhesion markersﬁgg 6CD18 CD29 CD49d, CDA49e,
and CD44). Formalin- pxeg {Jﬁh? se ec glncubated in
the absence or presefnce 0 serla utlons o
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q%e efﬁect was seen al %j‘ the(;‘ro m I|n fixed Igt{n‘ﬂh%%é%es the re uced
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2007/@@@@1@1@:®H‘¢U S@_ﬂ@ﬂ@aﬁ@j@tﬂ)ﬂe@ With the water-soluble fractlon of AFA and
the selectin ligand is isolated (see FIG. 4A: L-selectin, Figure 4B: P-selectin). The
beads were collected using a magnet and washed many times. The beads were then
exposed to an acid treatment or boiling or an alkaline treatment to break the bond

20  between the ligand and the recombinant selectin. The selectin ligand was also isolated

using an affinity column.

When the selectin ligand is recovered under reducing conditions, it is a dimer
made of two subunits of approximately 54 kDa and 57 kDa (FIG. 4B). A composite
molecule based on these subunits could have molecular weights of 108, 111, or 114 kDa

25  approximately, and higher multiplicities thereof. Using size exclusion techniques, when
the extract A fraction was passed through a 100 kDa filter, the ligand was found in
higher concentrations in the fraction above 100 kDa. Therefore, the ligand can be
isolated as a dimer of at least 100 kDa.



-38- Example 5 AFA selectin ligand blocks the expression of chemokine

receptors trl%%n ered by Fucoidan in the KG-la CD34h"gh" cell line The
pr‘ﬁ/’? V& Tthe kG-l ais brightly positive for CD34 and for L- gg@éfi??%%“?

evaluated by staining with the TQ1 monoclonal antibody. KG-1a also
contains intracellular reservoirs of the CXCR4 chemokine receptor that are
externalized upon L- selectin ligation. Incubation of KG-la with the Fucoidan,
an L-selectin agonist, triggers the expression of the chemokine receptor
CXCRA4. AFA Extract A blocked the Fucegdan-mediated effect on CXCR4
expression (FIG. 3). 10 Example 6 Purification of the L-selectin ligand from
AFA A selectin ligand was isolated frqma/i“: qsing magnetic beads

covalently nd to gepetic ineered fusion protein in which the
extracellula?%%rf%ﬁc@?q €ﬁ¥ ddram Akt s ot fenpd prEsfact Bs

coupled to tBerRe Bovtiopraiicadrio lseJ@ltabstbps,Tllr@ head&af@mubﬁtﬁdi YMih
the waigrsoluble rReiien %SA%@JNWL@& 5ige é' niQang | 3 e@O'at?o ihs &E1C-

4A: L-selectin, Figure 4B: P-selectin). The beads were co ac?

magriEH A RERSH e frisd. AI% iatialy vhestactB dinuis ab 58U witlan agious

treatrseiiea doatifighg rza% alicaline trratpenidRidiealcthn o 4R RRRNGRN.
the li Ig%and ﬁa Elth |nan sel t{ The selectin ligand was also isolated
olu

using an fo B3| QT RSP PBC dV8 RIEP IRl was dried
redu &ﬁg&%ﬁ%ﬁ%@aﬂﬁ@%ﬁd@mﬂwmmn \Yéhefi dppyelowaiald&dvas

kDa @ndbaa(kﬁaﬁd&uéﬁiuﬁ&@m@%&tgﬂmgl%ﬁ g&s&% WS FHRYNIts
E(S)uldshfa(\{e molecular weights.of 108, 111, or 114 kDa 25 approximately, and

ighet muIipiE ey Reradr 4956389 g s mala Rierle filipredt %ﬂ%s liquid
extratstPx it BorThiaspassed: ihcobmbdaviih thkDenfitienaghetiigands s fesand

in highsyecongsntiiNDIRdheTActanaRee 1AR;kQa. Therefore, the ligand
can be isolated as a dimer of at least 100 Da."WO 2007/002570

PCT/US211116/1124769
Example 8

15 Selectin ligand from blue-green algae modulates CXCR4 expression.

Stem cells are maintained within the bone marrow environment at least in part
through the selectin adhesion molecules. When selectin is engaged by an appropriate
ligand, it triggers the expression of the cytokine receptor CXCR4. CXCR4 is a specific
receptor for Stromal Derived Factor 1 (SDF-1) and binding of SDF-1 to CXCR4 helps

20 to maintain stem cells bound to the bone morrow. Inhibition of selectin ligand binding
reduces thé expression of CXCR4, which leads to a detachment of stem cells from the

bone marrow and their release in the bloodstream.

To demonstrate the physiological effect of the selectin ligand from AFA, in one
embodiment the selectin ligand was tested on CXCR4 expression triggered by fucoidan,
25  aknown L-selectin ligand that stimulates CXCR4 expression. The expression of
CXCR4 receptors following exposure to fucoidan was evaluated on lymphocytes using
flow cytometry. Incubation with the AFA selectin ligand si gnificantly inhibited the
expression of CXCR4 on human lymphocytes (FIG.6) and on the human CD34+



-39- Example 7 The selectin ligand extracted from AFA is not a found in
Extract B. Extract B was produced in several steps, first by extractin
cayﬁ)pzc?%?fﬁmo ethanol, then back into a polar buffer (Water,P SAMBeh e
first step was to produce a 5 yellow/brown powder from dried AFA, initially
during 3 hours at 50C with an aqueous solution containing 20% ethanol. The
supernatant was decanted and the solids were precipitated by adding
ethanol to a final 80% concentration. The precipitate was dried using
REFRACTANCE WINDOW"" drying techague. When this yellow powder
was put back into aqueous solution (water or saline), an orange extract was

produsedentd2eldR e IERURIDYORAIHYGaNaRs ANd e SRerhala
steril?ﬁi%ed. This Ii%uid iasajég%racthfll This eéj(tract ﬁeﬁ%ncubﬁygg?wnh tri}:i:'l the

coate@=GI75HR beRd SHEeaH 1 68l BIOBYHHA did not contain a selectin

ligand (FIG. 5). Example 8 15 Selectin ligand from blue-green algae
modulates CXCR4 expression. Stemﬁgg‘llﬁ %? maintained within the bone
marrow environment at least in part t rougﬁ1 the selectin adhesion

mblecules. WHEAs&tHefrore borpmatr oy Bepalatespwitiple distart tssHefgers the
expression af iheieytakiseietepiet ©X6aRAGGRAHISE SRR et FReaRIATPr
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mopstrate the physiological effect of the selectin ligand from AFA, in one
O T T YA LA A S ORI o PO BRI 8 arete

by fuﬁcmmﬂwwwﬁmesﬁtbwﬁm tigeend e stind platgs@ﬂﬁﬁﬁ"éed. The second
expressigiorHoearRIeRsiNg AGfaR¢RaeRArRRlRMIR FXRASHER ¥0 and are

fucoidan was evaluated on lymphocytes using flow cytometry. Incubation
with tfd AER ebnormal fgedelts ﬁiﬁ%gﬂ(’t/l’)‘f’fﬁﬁ' &aelrrtinsgraleopiriaig festion
on huwhafdymphocytes (FIG.6) and on the human CD34+ WO 2007/002570
I;’SCT/U821106/0 2 4709 9 -40-

About 6 x 10” nucleated cells of adult bone marrow is harvested from male mice
aged 8-10 weeks and injected into the tail veins of sub-lethally irradiated isogenic adult
female recipients, also aged 8-10 weeks. Mice from each group are sacrificed at each of
the following time points: time 0, 1 week, 2 weeks, 3 weeks, 4 weeks, and 8 weeks. At
time points 2 and 8 weeks, 6 mice are sacrificed from each group. At all other time

20  points, 2 mice are sacrificed from each group.

During the first two weeks after injection, 15 microliters of whole blood is taken
from the ear, tail, or paw, and immediately diluted in 200 microliters of buffer
(phosphate buffered saline, pH=7.2, 2% serum, 0.02% azide) to dilute clotting factors
and prevent coagulation. The blood samples are assayed to monitor the repopulation of

25 platelets, red blood cells, and leukocytes within the blood. A portion of the blood
sample is used for obtaining a cell count and for differential evaluation of red blood
cells versus white blood cells. The sample is assayed using a flow cytometer, and the

proportion of neutrophils, lymphocytes, and monocytes will be evaluated using forward



progenitor cell line KG-1a (Figure 7), indicating that this is a mechanism by
which the AFA selectin ligand can trigger stem cell mobilization. Example 9 5
%24769

SEHLEHL M bone marrow populate multiple distant tissue&CA WM

model can be used to evaluate the ability of stem cells mobilized by
consumption of blue-green algae to populate distant tissues of the body.
Male mice are selected as bone marrow donor animals, while all recipient
mice are females. Female recipients are sub-lethally irradiated prior to
injection of male bone marrow cells into M3their tail veins. Two groups of
mice are evaluated. The first group of 20 animals are sub-lethally irradiated,

injected With HARe M EANa A RYLRW TsNEabiERE: ThemsrRW KL s5REmel 20

animals is also sub-lethally irradiated, receive male bone marrow, and are
fed £HR¥PYhormal feed plus 0.5 to 15%w/v of the selectin-ligand containing

fraction of e\ QRAHLS A08 BurlEadalaatarul bonsuaom, S

harvested from male mice ‘aged 5-10 weeks and injected into the tail veins of
sub-fettigdty Whish deseprsogienibadisicclbandrsueerisiatel MagnalsaneysgoBrains

weekse Micastranme asd ol anassaeniical iatiaals ok difciotpilby time
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point@‘@%ﬁ&’%gg%,’laafﬁ?éeagcriézesacn D ach group. At all other time
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paw, and immediately diluted in 200 microliters of buffer %prposlgggst? ?quef%?Ed
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mpagehasinssoitee Dhoadisampllebaraans saybet txiamd aiddt teatripepbiiuisivedf
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blood %agr?\rge Is used for obtaihing a cell count and for differential evaluation
of re@¥loBEERIEFRFSHE white blood cells. The sample is assayed using a
flow cytometer, and the proportion of neutrophils, lymphocytes, and
monocytes will be evaluated using forward WO 2007/002570
PCT/11521106/024769 -41- and side sd&frpieHd blood leukocytes will be

gxamined for malgQHQund§61d HENé marrow populate multiple distant tissues.

A study similar to that described above is conducted using transgenic male mice
carrying the gene for green fluorescent protein (GFP) and isogenic female mice as
recipients. The animals are treated, fed, and sacrificed as described above, and blood
samples are also analyzed in a similar manner.

20 Blood leukocytes are examined for the expression of GFP using flow cytometry
and, at time of sacrifice, various cell and tissue types will be examined for GFP antigen,
which demonstrates the donor origin. Tissues and organs are harvested as described
above and the presence of cells carrying GFP is detected by flow cytometry or

fluorescence microscopy.

25



cytometry. At time of sacrifice, various cell and tissue types will be examined
for H antizen, which demonstrates that the cell or tissue originated in a

mAf& 1 (I8E

Brains 5 are harvested and the entire brain is e 8%“’?%%],6/024769
including the olfactory bulb, hippocampus, cortical areas, and cerebellum.
Bone marrow, heart muscle, hind leg muscle, liver, pancreas, sections of
small intestine, and lung tissue are examined for presence of cells with Y
chromosome, either by detection of surface Hy antigen by
immunofluorescence, or by fluorescence igpsitu hybridization using probes for
the Y 10 chromosome. These data will document to what extent a diet
containing blue-green algae promot%xg}gpl[p{@ing, implantation, and
differentiation process of the injected bone marrow stem cells. Example 10

15 Stem cells from bSREFASKISHB S SR RHAGIOR ofitiapatizek isses iy dy
similar to thatdeseribettldbove! is enridhietethigingdiarggeivicoTtigemigeow

carryigg;the genedel grsan.fiiaresceiirotein (GFP) and isogenic female

mice as recipients. The animals are treated, fed, and sacrificed as described
above, and hlop@nsarapies are-algoraainzRddn awwiskiarmannes 208lprd:

leukocytes ar mined far the expression, of GFP using flow cytometyy
and, a |%éeg%§§(%m§§? \(/%%%&Vse ec?gllf%aa S)tigfsvl‘j% BPe8E Wi Sgﬁgﬁﬁ?ﬁ%‘[ gopne

GFP arviged supesrbemehsedtestsotemscvofigin0 Tissessddmorgdnyiare

harvesigslias idensrinediAbava AN 16 UGS UrF B CAIANG SR ASightly
detected by flow c tomet%or flyorescence microscopy. 25

WO .
2007 Pt a3 8t hipd e mipife Hopnend feder hdavizaps
idpopetatismahisd (eertttizaghiss vie fuiyo Uschmedeldsuspdftmavalimtere treated

homing.ARdiitadration efRenG.MaioN, served AR esYsINRARY %ﬁﬂged
tissue 5 All marrow donars are adult male mice (8-10 weeks of age), and all
re Cip@lﬁctm-hgand containing fraction of AFA.

Two mice are sacrificed prior to trauma to evaluate baseline levels of male-
derived cells. Subsequently, mice are sacrificed at the following time points: 1 week, 2
15 weeks, 3 weeks, and 4 weeks. Two mice are sacrificed for each time point, except for
the 2 week time point, where 6 mice are sacrificed from each group. Hind leg muscle,
heart, and brain tissue is isolated from the sacrificed animals. Sections are cut through
the traumatized areas, and stained for male-derived cells using either cell surface marker
analysis for the expression of the Hy antigen or by fluorescence in situ hybridization
20  using probes for the Y chromosome. Alternatively, a GFP-expressing transgenic donor
mouse will be used (similar to Example #4).
Data obtained demonstrate the effect of consuming the selectin-ligand

containing fraction of AFA on the speed of stem cell recruitment following trauma.

25 Example 12
Case report for tissue repair.
A subject was a body builder who had a car accident three years ago. A car hit
her car in the door on the driver’s side and several muscles were torn in her hip and

thigh. She underwent a series of surgeries to re-attach the severed muscles. In spite of



mice are adult females (8-10 weeks of age). Two groups of mice are
evaluated. One group of sub-lethally irradiated recipients receive 6 x 106
nOCERES @3 or cells via injection in the tail vein and allowed S WESREEF476?
recovery. The animals are then lightly traumatized by thin needle insertion
into hind leg muscle, heart, and brain. All animals 10 receive normal feed
throughout the study. In the second group, female mice are treated
identically as the first group, but are fed a diet that includes 0.5 to 15%w/v of
the selectin-ligand containing fraction of AkA. Two mice are sacrificed prior
to trauma to evaluate baseline levels of male- derived cells. Subsequently,

mice gis,sactligedaLine UG BB ROIS I WeR A 430888 S o

weeks, and 4 weeks. Two mice are sacrificed for each time point, except for

the 2SpRdK PR pedrowiherbreymme B reeight liffdagnirnge 28 RVGPaupLiiniag

musciessibeadurtd Ryinéisbyewsling atagpitormihe saalfipedcanivariag for

Sections a cut through the traumatized areas, and stained for male-derived
severa. S. . .

cells using el ¥ier cell surface marker analysis for the expression of the Hy

antigen or by fluorescence in situ hybridization 20 using probes for the Y
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e used (similar to Example . Data obtained. demonstrate the effect

cons e HiQ SERACHERATS e BREATF DG ST ABTRG Eise0h Do
stem et recksitaentbotipaited bengable RE Exartvgle $2nC asd altgyortoforotigsud
repaitAspifet Weha hadnliilsanMieRa Afakiac dentbiesm R AGe-
A car hit her car in the door on the driver's side and several muscles were
0 i hip and thigh. She underwent.a series of surgeries to re-attach
the severed muscles. In spite of WO 2007/002570 PCT/US21106/0 2 47 6 9
-43- the successful surgeries, the m@gﬁﬂmgge was so severe that she
remained with a constant pain and could not resume her weight lifting
training, as even a mild traini$gs¢ERWBHIMiREDERMBWed by swelling and
pain, WhiChM@ﬂﬁ@@&@ﬂlﬁjM”ﬁHﬁgﬁQYa ﬁ@’dﬁlﬁiﬂ ﬁ@b&ﬁerﬁent - fourth on the left side.

15  Generally, there was a very poor prognosis and enormous difficulties involved.

The orthopedic surgeon rebuilt the pelvis and acetabeum. However, prior to the
surgery the subject was informed by the medical staff that there was no way for the
body to produce new bone necessary for the long term success of the procedure. It was
presented that if the subject was to get bone growth it likely would be less than required

20  for healing.

The subject was provided with the blue-green algae fraction containing L-
selectin shortly after the surgery. The new, strong bone growth appeared quickly and
recovery was rapid. The subject reported that they no longer needed crutches and was
able to be on full weight bearing status in 6 weeks - compared to 6 months with the

25  subject’s previous surgery. The subject reported that the accelerated healing was
confirmed in every check-up. The subject also reported that the bone surrounding their
right hip that had a revision done in early 80’s was found very strong. This was

considered exceptional.



She tried many anti-inflammatory drugs, but after 18 months she still could
not train. She began consuming the blue green algae fraction containing a
s&é’cfﬂ?if&oéﬁﬁ’. Two weeks later, she reported being able to r‘é@ﬁfﬂsﬁ?’ﬁ@“@
gym, and after two months of consumption, she had resumed normal
training, indicating extensive repair of muscle 10 tissue. Example 13 Case
report for tissue repair. A 55 year old subject went for a sixth hip replacement
- fourth on the left side. 15 Generally, there was a very poor prognosis and
enormous difficulties involved. The orthopgglic surgeon rebuilt the pelvis and
acetabeurn. However, prior to the surgery the subject was informed by the
medical staff that there was no way f@rxgﬁgplpqu to produce new bone
necessary for the long term success of the procedure. It was presented that
if the subject was to get bone growth {@ikERPHbuId be less than required 20
for healing. A lyeusglgjielct veakiapnosdd etitheitiydlof thteewd te aifaati aenfikaction
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confinementto hiedl s 8rliBdas RS 3SRy G MERHARaLIEY AR, [9he
musc&JIar dystro%tll%/ for six months, but this resulted in no
1sease— but further degenerated - also started consuming the algae fraction (Extract

A). These individuals reported that they experienced benefits of consuming this
15  fraction.
Example 15
Human Studies
A triple-blinded, randomized, placebo-controlled study on human subjects was
conducted on the effect of various AFA extracts on the numbers of circulating stem

20  cells. The following methods were used in these studies:

Consumables: Four consumables were tested. Two were liquid, and two were
encapsulated. Neither the volunteers, nor the person administering the substance, nor
the lab staff performing data analysis knew which substance was being administered at

25  agiven study day.

1. LSL: Extract A, an AFA fraction enriched in the L-selectin ligand.
One gram of the fraction concentrated in L-selectin ligand (LSL) was mixed in

40 ml of water and served to study subjects in a paper cup.



change. She started consuming Spirulina, which to some extent improved her
immune_function as she experienced less frequent and less severe
pﬁ‘é%ﬁq%?%sghe then started consuming the blue green algg(éq{}éséﬂ8%024769
containing a selectin ligand (Extract A). After 10 two weeks she started taking
her first steps. After three months she was walking. She had no more
pneumonia. The disease is an inherited disease, and several family members
with same disease - but further degenerated - also started consuming the
algae fraction (Extract A). These individugds reported that they experienced
benefits of consuming this 15 fraction. Example 15 Human Studies A

Uriple-blinded, rangoize @ ATERS: HNIAIEG. AR BumANRUBISKIR Was
conducted on the'ef _ \ extracts on the numbers o circulating
stem 20 celfsnmadstoansiylpferibmigaioncbmmunragyd siemiedls was obtained

Consumab '@?éﬁ%ﬁﬁﬁﬁ@ﬂﬁ‘ﬁb@%Mﬁf@’/&%ﬂﬁ@ﬁoﬁm% s iduAnthBNGIution
were encapsulated. Neither the volunteers, nor the person adminisi%%irggaﬁtggen

substance, Vi ceABugrd aid B Torrmal e SHeh eg el WhiER
was being asieninisterecalMbaso g (BIGEIU Vi gatost ( LBmgr wrableAdedrwiik 260
fraction enriChﬁfj?_ée hgn&a El@rQ@%egﬂﬁlgaﬁﬁlﬁf the fraction

concentratedin L-selectin Igand (LSL) was mixed'in 40 ml of water and
served to study sdbj cuyieiehatsg Fadepoet LSL and Migratose.
PCT/11521$06£24 66 SteffEnBaddigralase M) il bevitaation ssrosinotsudy
contain the bitga tive comlpguund responsible for the migration of immune and
stem cells Wa3 6 stgllr?éjgp%y eg('tracting liquid AFA with 10% ethanol at 50C for
dhe hour. The soltitiBlcebas Thnplderpecdensistadeo St mmgaenviaedofiedyisnigd
RW. This pipeiisthrs beapsaiideinalyenameshMissatnrephbainedvigs deseal

(150mg) was Ien%ed with 250 .mg pl cetbo and administered in a vegetable
capsule. 3. {0 LhHRAVNES SBFY Adite is a blend of LSL and

Migratose.

Subjects: A total of 19 people were interviewed from regular blood-donation

15  healthy volunteers. The following exclusion criteria were used:

e Under 20 or over 65 years of age

e Pregnancy

o Severe asthma and allergies requiring daily medication

e Any known chronic illness or previous/current venereal disease
20 e Frequent recreational drug use

o Impaired digestive function (including previous major gastrointestinal surgery).

Of the people interviewed, 14 met the study criteria and were willing to
participate. Among the 14, three were subsequently excluded part way through the
25  study due to non-compliance. Among the remaining 11 volunteers, six went through
four study days each, such that data was obtained for all four consumables on the same
person. The remaining five volunteers were able to participate in three study days each.
Subjects were scheduled for arrival on the same weekday on four successive

weeks during a two month period. Subjects were scheduled on the same weekday for



One gram of StemEnhance was mixed in 40 ml of water and served to study
subjects in a paper cup. 10 4. Placebo: The placebo consisted of 400 m

gr‘g r%-ocﬂ{/&&’? i?‘lely ground potato flakes encapsulated in veg&gﬁgségoﬁé%fég?
The appearance was identical to that of capsules containing Migratose.
Subjects: A total of 19 people were interviewed from regular blood-donation
15 healthy volunteers. The following exclusion criteria were used: Under 20
or over 65 years of age Pregnancy Severe asthma and allergies requiring
daily medication Any known chronic illnegg.or previous/current venereal
disease 20 Frequent recreational drug use hnpaired digestive function

(incl UQJ&%PESXAQ%&J? R IBRT ORGSR HUHEERto SN JIEIRIEY s sleep
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walking to the bathroom, if needed. After oné hour, the baseline blood
sampRY igesdataeressreri ey srnsradranrigine s e captsi@ag ntended

consuériaklefwas instance for which data points might have to be eliminated due to

15  extraordinary circumstances. The following criteria were used for eliminating data
points:
e Lack of sleep
e Stimulants within 2 hours of arrival
e Stress.
20
Assessment of circulating stem cells: At each time point, 5 ml blood was drawn
into heparin, and 2 ml blood was drawn into EDTA. The blood vials were placed on a
rocking plate until use. The blood drawn into EDTA was used for obtaining a complete
blood count (CBC) using a Coulter counter (Micro Diff IT, Beckman Coulter). All
25  CBCs were performed within an hour of drawing the sample. All CBCs were
performed in triplicate.
The heparinized blood was used for purification of the peripheral blood
mononuclear cell fraction by gradient centrifugation, and processed for immunostaining
and flow cytometry. The stem cell markers CD34-FITC (clone 8G12) and CD133-PE

30  were used for two-color immunofluorescence. Staining of all samples with CD34-



provided. The volunteers were instructed to remain quiescent for the whole
duration of 10 the experiment. Blood samples were later drawn 30, 60 and

1 P ARUES Bher ingestion of the consumable. Every day, u;S’SEF’HFﬁ?P&(‘{%ﬂWe

laboratory, volunteers filled a questionnaire giving a daily assessment of
their general conditions. This questionnaire was intended to identify any
instance for which data points might have to be eliminated due to 15
extraordinary circumstances. The following criteria were used for eliminating
data points: Lack of sleep Stimulants wif3in 2 hours of arrival Stress. 20
Assessment of circulating stem cells: At each time point, 5 ml blood was

d i i nd 2 ml bload was drawn into EDTA. The blood vials
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The following results were obtained:

15 Consumption of SE and LSL led to an increase in the number of circulating
CD34+ cells (see FIG. 9), while MGT led to a decrease in the number of circulating
CD34+ cells. After consumption of placebo small changes that were not statistically
significant were. With both SE and LSL a number of volunteers showed a tendency for
an initial transient decrease in the number of CD34+ cells; this observation was greater

20  for LSL though did not reach significance. At sixty minutes after consumption, SE
(p<0.003) and LSL (p<0.02 triggered a significant increase in the number of CD34+
cells. However, MGT triggered a significant decrease (p<0.03).

In a subsequent part of the data analysis, each volunteer’s responses to AFA
extracts were normalized to the same person’s response to placebo. This was done by

25 subtracting the percentage change obtained with the placebo from the percentage
change obtained with the extract. This was done for all three consumables. This
procedure did not increase the magnitude or significance of the responses; the pattern
obtained was similar to FIG. 9.

Another part of the data analysis focused on the maximum percent change for

30 each consumable compared to placebo. The rationale for this analysis is that the



blood had been used. The use of the peripheral blood mononuclear cell
fraction thus_allows collection of data with higher numbers of stem cells
gi\yiﬂﬁog%ogﬁsem statistical weight to observed differences in st&fr a0/ 024769
numbers. 10 Staining for CD14 was performed in parallel samples, as not to
interfere with the analysis of CD34 and CD133. Flow cytometric analysis was
performed using the CellQuest Pro software (Becton Dickinson). The
following results were obtained: 15 Consumption of SE and LSL led to an
increase in the number of circulating CDga+ cells (see FIG. 9), while MGT
led to a decrease in the number of circulating CD34+ cells. After
consumption of, placebo small changes that were not statistically . significant
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allows a comparison of the extent of change irreﬂgtge%gt 82‘) cpgtpger &9%1 ra
axiFgHCHEAR RN 48 S S5 TP 8 t?)lp‘gjo%i tteE BAsed on'this method a
24 f Belévant statistical analysis. In addition, one complication in this type of protocol is the

fact that individuals do not all mobilize according to a similar time frame, and thus there

may be an under-estimation of the actual peak of mobilization. The response to placebo
showed variations, though such fluctuations did not reach statistical significance.

20  Nevertheless, these fluctuations appear to be real and suggest that a better
understanding of the daily cycling of circulating CD34+ could be of use in designing

future studies.
This study confirmed that SE and LSL, both of which include a dried aqueous

extract enriched for a selectin ligand, are effective at mobilizing bone marrow stem cells
25 by increasing the number of circulating CD34+ cells. The data collected in this study
show that SE increases the number of circulating stem cells by up to 35%.
It will be apparent that the precise details of the methods or compositions
described may be varied or modified without departing from the spirit of the described
invention. We claim all such modifications and variations that fall within the scope and

30  spirit of the claims below.



increase in the number of circulating stem cells with SE and a 24 2 %
decrease with MGT was found. A median response of 27% and 77%,
respectively, for SE and MGT was found. The timeframe to reach maximal
response appears to be of no more than a few 10 weeks. To avoid a
potential confounding factor in the datgmest of the studies were performed
on samples from subjects who regularly consumed AFA. In the present
study, only one subject was not a regular consumer of AFA. This one subject
showed no noticeable increase in CD34+ cells mobilization. It should be
noted that this . volunteer was removed. from the analysis, As it was only a
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5. The composition of claim 6, comprising abowgrdm of a dried water or saline
extract ofAphanizomenon flos aquae, wherein the extract is enriched for an L-selekitjand,

and about 150 mg of a dried ethanol extradmfanizomenon flos aqua.

6. The composition of claim 3, produced by thecpss of

contacting a first amount @jphanizomenon flos aquae in 0.1 molar phosphate buffered
saline or water for about half an hour to abouh@@rs to produce an aqueous extract;

removing solid material from the aqueous extract;

drying the agueous extract to produce a solid caitipa comprising a L-selectin ligand;

incubating a second amountAgfhanizomenon flos aquae in 10% ethanol at about 50 ° C
for about one hour to produce an ethanol extract;

removing solid material from the ethanol extract;



2. A composition comprising a therapeutically effective amount of the
composition of claim 1 in a pharmacojggically acceptable carrier. 3. The
composition of claim 2, wherein the ethanol extract is produced by
suspending dried Aphanizomenonflos aquae in about 10 to about 20 percent

etnginy aiakolit YRaferialdhsnmtiideidnbheatmopasiiee of shidnfd:m of the ethanol

rising 1 gram to about 2 grams of a dried water or saline extract of

com
eXtra%pﬁEHizomenonflos aquae, wherein the extract is enriched for an L-selectin

Iigﬁﬂﬂ:@ﬁdt@@@tﬁb@@m defeding SR of md&?d)@tb@ﬁ%mmpﬁfsing the L-
Aphanizomenon flos aquae. 5. The compositjon of clajm 6, comprising about
selech G 1A R A0 BTG e LR R S Hanan FLUNE Bk xtract,

wherein the extract is enriched for an L-selectin ligand, and about 150 mg of

a gried ethanol extract of Aphanjzomenonflo ua. 6. The composition of .

R DO e B e BT A L AlGHE rrrBPTNG & Protein or a
glycopwaheinzsiragnoledomaaeighindgd. 5onkiz ibabpbaib duilerad sshlitiagtarairions, and

t half a houE to about 12 hours to produce an agueous extract;

. _for abo
hlghelre% \t)f#lfg@ﬁjt Afétal from the agueous extract; drying the aqueous extract
to produce a solid composition comprising a L-selectin ligand; incubating a

second amouynt pf Aphanizomenon flas aquage in, 10% ethanaol at about 50 C

o e R B A S o e Sedc el AL dmotecular
weigtanhdbewrtban® ®xiratio th G7ckpagi it sodayeptatiabfrom the ethanol

extract to produce a solid form of the ethanol extract; and mixing a

therapeutically effective amount of the solid composition comprising the L-
sd@ecTimeligarificansetethizr figantically| effie Gtj wehmrdierd edé thie $iglich fonasad thelecular

. ethanpl extract, 7. urifi lectin li [sglat a blye- lgae
weioh B Bt AL 57 ot S BB (qehp o 0 kg or about
111 kakzouh@erkizmredeacieg coingittomslitions, and higher multiplicities thereof. 8.

The purified selectin ligand of claim 7, wherein the selectin ligand has a

molecular weight of about 54 kDa or about 57 kDa under reducing
conditions.

10. The purified selectin ligand of claim 7, wkierthe blue-green algae is

Aphanizomenon flos aquae.

11. The purified selectin ligand of claim 7, wheréie blue-green algae is a species of
Spirulina.

12. A pharmaceutical composition comprising adpeutically effective amount of the

purified selectin ligand of claim 7 in a pharmadeaity acceptable carrier.

13. The purified selectin ligand of claim 7 foreus mobilizing hematopoietic stem cells
in a subject.



9. The purified selectin ligand of claim 7, wherein the selectin ligand has a
molecular weight of about 54 kDa, abgut 57 kDa, about 162 kDa, about 171
kDa, about 333 kDa or about 111 kDa under non-reducing conditions. 10.
The purified selectin ligand of claim 7, wherein the blue-green algae is

Aphanmrerrnieidoscisstacliddnd be cunfieBsekelh dgant Abpleieid stem cells

wherein t?) e blue-green aI e |sas¥e0|e?éof Spirulina. 12. A pharmaceutical
eXpregsn st 9%%%13 |§Pgl§ gr%ﬂz)éﬁ el R8t8ctive amount of the purified

selectin ligand of claim 7 in a pharmaceutically acceptable carrier. 13. The
purified selecti d of c%? far use in oblllzm hematopoigetic stem
Cafs E Sbjie S RN A bt AGAD OF AR B MRkTein
the hematopoietic stem ceIIs express CD34 (CD34+) CD133 (CD133+), or
both. 15. The purified selectin ligand of claim 13, wherein the subject is
human. 16. The purified selectin ligand of claim 13, wherein the subject is

haaltmhél guiiifiedpssibedrs gt dtelachot claimidi@a avbefiattiermdipgt is
immunosuppressed or has a chronic illness, traumatic injury, or degenerative
disease. 18. The purified selectin ligand of claim 13, wherein the subject has

a trsomdey pf tifie ddigastiie IRystenof e U3s yaienh &y subliesy steimmunosuppressed or

h arylova ggjlar si/stem tor endocrlnedsgg ., 19. The purified selectin ligand
as a5 URNF 18! WRe st H%'gdﬂia@f L6 §F‘sasﬁzhe|mer s disease,
cardiac infarction, Parkinson's disease, traumatlc brain injury, multiple
S Or Ci h sis of he liver. 2 lectin, liga m1l

el PR RG I IR B e TSt & BISordr of the
digestiompgseshio reconiiob yate mhéyngrhmstenjaizasdoldr fystem jromaidiange system.

hematopoietic stem cells in a subject. 22. The composition of claim 21,

wherein the hematopoietic stem cells express CD34 (CD34+), CD133
(AR 1339, uriietth s2B:clindiganb ositiamo L8 ambiéthevbabiéttihaswsjectpsrosis,

AIzheri]rlrJl@rasr] disease, cardiac infarction, Parkinsafisease, traumatic brain injury, multiple

sclerosis or cirrhosis of the liver.

20. The purified selectin ligand of claim 13, wéistem cell homing is increased about

100% to about 500% as compared to a control.

21. The composition of claim 1 for use in mobilginematopoietic stem cells in a

subject.

22. The composition of claim 21, wherein the hepaietic stem cells express CD34
(CD34+), CD133 (CD133+), or both.

23. The composition of claim 21, wherein the sabie human.

24. The composition of claim 21, wherein the sobjge healthy.



24. The composition of claim 21, wherein the subject is healthy. -52- 25. The
composition of claim 21, wherein the subject is immunosuppressed or has a
chronic iliness, traumatic injury, or degenerative disease. 26. The

composition of claim 21, wherein the subject has a disorder of the digestive
system, nervous system, lymph system, cardiovascular system, or endocrine
system, 27. The composijtion of claim 26, wherein the subject has

oS SRMAIRLRAPCHER <de VEARIEAR IRE AR ANIR PO Gssador has a

chroriicalimedis, raimiaileyhjityltiplelsglenesiaivseakehosis of the liver. 28. The
composition of claim 21, where stem cell homing is increased about 100% to
about 500% as compared to a control. 29. A method of isolating a selectin

ligendT heraprigiogitrirettzinhlze; gvaereaiahe selifers ardisirdeussolstifigestive
separatin particulat& mzﬁer and isola('an the resultant supernatant;
LE |

SYsteRyREEINGHELERL Wit s &R 3™ SRR R SIRE

releasing a ligand specifically bound to the selectin, thereby isolating the

selectip ligand. 30. The method of clgim 29, wherein releasing the ligapd, . |

oo B SEERRBHETH] ST Sl RER Loy GaiBAEvats Azpier's
diseaswstbadiriccinfardbhnyPentin sbe’'selesiimepmandseaianrgutiacaliltipredsciaivsis or
. of hyman L-selectin fused to an immunoglobulin Fc domain or an
cwrhog)l&rgltrg? I

& domain of human P- selectin fused to an immunoglobulin Fc
domain. 32. The method of claim 29, wherein the solid support comprises

netic beads. 33. The methogd,of ¢glaim 29, wherein the blue-green al '
NS Lo T S 2 WHRER SIS e s 555 G ARG 100% to
abouhhiiHY esrcalgpaisdSpiralommtrdh. A selectin ligand, isolated by the method of
claim 29. 36. The selectin ligand of claim 29, wherein the blue-green algae

cells are Aphanizomenonflos aquae. 37. The selectin ligand of claim 29,
whereh rinet Hiddeo § iselatiges sxelibs hndi Gamay icaisipg

extracting blue-green algae cells in an aqueousisal
separating particulate matter and isolating tiseltant supernatant;
contacting the supernatant with a selectin booraigolid substrate; and
releasing a ligand specifically bound to the datec

thereby isolating the selectin ligand.

30. The method of claim 29, wherein releasingdlitiend comprises treatment with acid,

alkali, heat, or a combination thereof.

31. The method of claim 29, wherein the seleatimgrises an extracellular domain of
human L-selectin fused to an immunoglobulin Fc dionaa an extracellular domain of human P-
selectin fused to an immunoglobulin Fc domain.

32. The method of claim 29, wherein the solid sppomprises magnetic beads.

33. The method of claim 29, wherein the blue-gragae isAphanizomenon flos aquae.



38. The purified selectin ligand of claim 7, wherein the ligand binds L-selectin,
P- selectin, E-selection or any combinatjon thereof. 39. The purified selectin
ligand of claim 13, wherein the selectin comprises L-selectin, P-selectin,
E-selection, or any combination thereof. 40. The purified selectin ligand of
claim 13, wherein the subject is a veterinary subject. 41. The composition of

claim 21, wherein the subject is veterlnar subje
34. TP11e method of ¢ al.'ler# %ereln the lue- Jgriaittjjbae isSpirulina.

35. A selectin ligand, isolated by the methodlafra 29.

36. The selectin ligand of claim 29, wherein theebgreen algae cells are

Aphanizomenon flos aquae.
37. The selectin ligand of claim 29, wherein theebgreen algae cells aBpirulina.

38. The purified selectin ligand of claim 7, wharthe ligand binds L-selectin, P-
selectin, E-selection or any combination thereof.

39. The purified selectin ligand of claim 13, wéierthe selectin comprises L-selectin,

P-selectin, E-selection, or any combination thereof
40. The purified selectin ligand of claim 13, wéierthe subject is a veterinary subject.

41. The composition of claim 21, wherein the sabjg a veterinary subject.





